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Foreword 


If we consider conservation in its widest sense, it can be said (hat all 
teachers are engaged in promoting it. Every educator strives, in one way 
or another, to create an environment in which his pupils will make the 
wisest use of their own personal resources. Because conservation is so 
pervasive a subject, it must inevitably deal with human resources as well 
as with natural resources, whether animate or inanimate. 

Approaching the matter from another point of view, it is also correct 
to say that all teachers of science teach science through conservation. 
Teachers may not perhaps be always wholly conscious that they sue 
doing this. Nevertheless, wherever a teacher deals with science as it trans- 
forms the environment or as it helps man better to understand his en- 
vironment so that he may live more in harmony with the earth and its 
resources, that teacher is dealing with conservation. 

Because it is so broad a subject, the meaning and purposes of conserva- 
tion are frequently not clearly defined, and its teaching is often impaired 
by the careless use of terms and words. Regrettably, too, consen'ation is 
often thought of in too limited a way, since tire tendency has been to 
associate it merely with practices and technologies related to farms and 
foods. Actually, the subject encompasses all the knowledge, skills, and 
attitudes tlrrough which man accepts his responsibility for stewardship of 
the earth’s resources — reneu'able, nonrenewable, and even those still to 
be developed in the future. Through conservation, man assumes a trustee- 
ship of the riches of the natural world not for himself alone but for count- 
less generations still to come. 

Although the contents of this book are rich and varied, it has but a 
single purpose. It deals with the things a science teacher can do to affect 
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directly the wisdom with which resources are used and developed. Tims 
all science teachers, whether concerned with general science, biology, 
chemistry, physics, or earth science, use certain demonstrations or labora- 
tory’ experiments or develop areas of discussion that deal in an immediate 
way with the vast area of conservation. This book covers a great many 
of the source materials and teaching approaches available to the science 
teacher. 

The Conservation Foundation feels a great satisfaction in sponsoring 
this book, which has been written with such care and thoroughness by 
two authors of unusually wide experience and knowledge. Their careful 
work has been impelled by a vivid realization of the importance of con- 
servation in the lives of all people. They would be the first to recognize, 
of course, that no one book on such an all-encompassing topic can be 
considered complete. Nevertheless, we share with them the belief that 
it is sufficiently broad in scope to strengthen the science teacher's con- 
viction that his subject deals with one of mans most essential and per- 
sonal problems: Am 1 discharging m\j responsibiliti/ to the great gift of 
resources upon which all life depends? 

Fairfield Osborn 

PRESIDENT, THE CONSERVATION FOUNDATION 



Preface 


Paul Sears, past president of the American Association for Advance- 
ment of Science, lias this to say: 1 

It is proverbially the youngest baby in the family who raises the most 
hell, and man is nature's youngest. . . . The Old Lady was already well 
set in her ways when he appeared. Repeatedly he has wrecked his 
home, repeatedly ho has been spanked, but stubbornly lie persists in 
having his own way which he calls “The Conquest of Nature.” It js nn 
own suspicion that it is time for him to Ieam the House Rules. . . . The 
question, of couise, is, "What can be done?” Personally, I think much 
can be done, but the problem is so big that it must be taken in small 
portions at a time, just as we do with any big and complcr problem. 
These portions are the local communities in which each of 11 s lues, 
where we have a chance to see at first-hand what is happening, and a 
chance as free men and women to do something about it This is not 
only good technical conservation, but good political doctrine, too, for as 
Lincoln suggested, a duty dodged is a privilege lost. 

It is precisely at this point that teachers enter the picture. . . . 

There is a single purpose to this book. It offers to science teachers, who 
know what is happening to our resources, selected and practical class- 
room, laboratory, and field study procedures in the teaching of science, 
within the intent and content of the area of conservation, as we have 
used it synonymously with resource use. In one specific way or another 
these procedures illuminate various aspects of conservation. 

The chosen procedures have been culled from many sources — our own 

‘“Tlie Appraisal of Natural Resources" The Science Teacher, sol. 21, no. 4, 
September, IH54. 
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experience, other teachers, all kinds of literature, both in science and in 
conservation. Some techniques are the result of visits to experiment sta- 
tions industrial plants, research centers, as well as consultations with 
experts in a variety of fields. All the procedures have been tested in 
actual teaching of high school students in general science, biology, ehem- 
istry, and physics. 

You will find a dual table of contents, for two reasons: first, in order 
to suggest the range of natural resources and the thread of ecological 
relationships that ties them together; second, to indicate where, in the 
traditional high school biology, chemistry, and physics courses, considera- 
tion of each of these resources fits into place. Clearly the connections of 
conservation to chemistry and physics are quite as far-reaching as those 
of conservation to biology. 

The index should provide an additional way of helping the teacher to 
find the particular conservation concept appropriate to a given science 
lesson. Thus, if a chemistry class is studying the law of conservation of 
matter or the metallurgy of iron, conservation connections may be found 
by looking up these topics in the index. 

The first two chapters, dealing with the scope and sequence of con- 
servation, may be of interest not only to science teachers but also to high 
school administrators and those concerned with planning the curriculum. 
Teachers of science have always been teachers of conservation; courses of 
study in science are rich in the materials from which the principles of 
conservation and resource use draw meaning. 

This book is meant to be, therefore, a practical aid to teachers of 
science. To the experienced teacher, the techniques to be found here will 
no doubt confirm his approach. To the new teacher of science, these 
techniques may suggest ways of dealing with one of the most important 
problems of our century. 

Our population is increasing at an unforeseen rate. Whether or not we 
maintain the standard of living to which our present population is ac- 
customed depends on the wise use and intelligent development of our 
natural resources— renewable, nonrenewable, “inexhaustible ” new and 
to-be-developed ones. 

Are we wise enough to do this? The answer lies in part in our schools; 
in short, the answer lies, as much as anywhere else, in teachers and what 
they consider to be their function. 


For careful and critical reading of the entire manuscript we are in- 
debted to Dr. Phyllis Busch of New York; Lorenzo Lisonbee, science con- 
sultant, Phoenix High Schools, Arizona; Dr. Howard Michaud, Purdue 
University Indiana; Dr. Richard L. Weaver, University of Michigan; 
Dr. Harold Benjamin, Connecticut Study of the Role of the Public 
Schools; Dr. Amo A. Bellack of Teachers College, Columbia. 
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For the critical reading of the chemistry, physics, and biology sections, 
respectively, we wish to thanlc Dr. Saul Gefinor and Harvey" Pollack of 
Forest flills High School, New York, and Dr. Jerome Metaicr of Brims 
High School of Science, New York. 

We should also like to express our appreciation to C. \V. Mattison of 
the Forest Service and to Adrian Fox of the Sod Conservation Service 
of the U.S. Department of Agriculture and Jack Culbrcath of the Fish 
and Wildlife Service, U.S. Department of the Interior. Through their 
efforts most of our photographic illustrations were assembled. Other gov- 
ernment agencies, as well as a number of industrial concerns, supplied 
us with additional pictures that we have acknou lodged in the text. 

We extend special thanks to Dr. Lactic Lindbcrg, Queens College, 
New York; Dr. Roscoe Eckdbcny, Ohio State University; Dr. William 
H. Stead, Committee on Economic Development. New York; John 
Shrawder, Supervisor of Conservation Education, Department of Natural 
Resources, California; Fern KeDt, Meanv Junior High School, Seattle, 
Washington; and Dr. T. R. Porter, State University of Iowa, for the mam- 
valuable suggestions they made after reading an carlv draft of the 
manuscript. 

Wc have also had advice and encouragement from the participants in 
a workshop on conservation sponsored hv the Joint Council on Economic 
Education. 

For the assistance of our editorial board, from (lie inception of the 
project to its completion, we arc deeply grateful. 

It is our hope that teachers who use this book will get in touch with us 
to discuss specific procedures that prove unclear er difficult. Wc should 
be delighted to include in a revised edition better techniques or sug- 
gested improvements, with appropriate credit. 

Marliia K. Munzcr 
foul F. Brantlucin 
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Scope and Sequence 



I 

The Science Teacher and His 
Commitment to Conservation 
and Resource-use Teaching 


This book is addressed to teachers of science. Teachers of science have 
considered the problems relating to consecxation (i.e., resource use) of 
sufficient importance to include them in every course of study in science. 
Hence, these topics are being taught pervasively throughout science. 

An analysis of courses of study throughout the country substantiates 
the idea that conservation and resource use is taught by almost all sci- 
ence teachers. More than 200 courses in the rlementjiy, junior, and senior 
high schools were examined by the education division of The Conserva- 
tion Foundation. Although these courses varied in the sequence of their 
topics and in some cases in their scope, an area of common agreement 
was readily discernible. In addition, fifteen widely used texts in general 
science, eighteen in biology, eleven in chemistry, and ten in physics were 
studied with the purpose of discovering what areas in conservation and 
resource use were included. 

The results of tills survey form the basis for the topics selected for in- 
clusion as classroom, laboratory, and field-study procedures in science 
teaching that make up the body of this book. 

The conservation topics that emerged from the examination of curricii- 
lums and texts fell naturally into the different chapters of this book. They 
may be found in the first Table of Contents. The second Tabic of Con- 
tents shows where these same topics appear in the traditional subject- 
matter areas of bio log)-, chemistry, and physics. When considered to* 
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gether, the topics thus assembled comprise the present curriculum in 
conservation in the high school. 

the emerging conservation curriculum 

Conservation and resource use is apparently so significant an area in 
American life, the solution of the problems with which it deals is ot so 
overriding an importance, that it has found an enduring place in all areas 
of science. Furthermore, if we assigned to one year of study the problems, 
topics, and subject areas listed in the first Table of Contents, we should 
have a course in conservation and resource use. However, the develop- 
ment in curriculum planning has not been toward a one-year course, per- 
haps wisely so. Instead, we have a curriculum in conservation that tbeo- 
reticallv, at least, pervades the student’s entire career in high school. 

The net effect of this development is to confront the student with a 
constant study of conservation and resource use throughout his high 
school career. As he grows in knowledge and wisdom, he faces problems 
of increasing complexity. These develop from a study of the resources of 
his environment, in general science and biology (his early years in high 
school), to the more complex study of winning, sometimes wresting, his 
material and energy resources from nature, in chemistry and physics or 
physical science (his later years in school). 

The result is what is usually considered an effective curriculum struc- 
ture. First, there is an ascending development of complexity of concepts 
in ever-widening scope, based on an introductory course (general sci- 
ence), where the concepts are originally introduced and sufficiently de- 
veloped on that level. Secondly, the general area ( conservation and re- 
source use) is considered at every grade level from a different point of 
attack. Hence as the central concept of resource use, wise and efficient 
management of our resources is taught in different contexts. Thirdly, 
conservation and resource use, introduced into existing courses of study, 
does not compete as a specific course for curriculum time. 

It is dear tliat resource problems cannot be solved by science alone. 
Economics, government, politics, and social institutions all play exceed- 
ingly important roles, even when science and technolog)’ have made their 
full and necessary contribution. Resource-use teaching is therefore be- 
coming pervasive in school life, one likes to think, because it pervades 
every area of life of the people of these United States. 

This notion leads teachers to deal with soil, water, fuels, minerals, etc., 
from the first grade through the twelfth. It leads teaches to deal with 
conservation and resource use in the kindergarten to sixth grade curricu- 
lum. and in general science, geography, history, civics, biologv, chemistry, 
economics, physics, English — in all the areas of school life within the 
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classroom (structured as lessons) and out of the classroom (structured as 
assemblies, field trips, clubs, and forums). It leads teachers to look at 
the nature and the nurture of all our young people, and leads them not 
to neglect the nourishment of those whose inventiveness, ingenuity, and 
devotion to civilization will yield us our new and to-be-developed re- 
sources. 

Tills approach tends to emphasize not only the renewable resources— 
plants and animals and their resource base — but lays clear stress on non- 
rcnewable, “inexhaustible," and future resources in their scientific, eco- 
nomic, and cultural aspects. Humans and what they do to their resource 
base ( their economy) arc clearly as important as the preservation of feed- 
ing areas for certain birds. 


CONSERVATION! AN AREA OF HUMAN BEHAVIOR 

Teachers, in short, are beginning to accept conservation and resource 
use as an area of human behavior. Their educational objective is to 
change human behavior so that it will fulfill the goals of civilized human 
beings. The human behavior they are specifically concerned with applies 
to the wise use and intelligent development of all our natural resources 
— renewable, nonrenewable, “inexhaustible,” new, and to-be-developed. If 
we deal with renewable and nonrenewable resources only, we mine, in a 
sense, only the land, the sea, the air. If we look to our future resources, 
unknown at present, we mine a fruitful source of goods and services — 
the human mind. If we look to all our resources, we educate for "com- 
passion as well as sophistication.” 

The essence of conservation is an attitude toward the world and toward 
people. It helps people to use the materials of the world wisely and to 
develop them intelligently. Similarly, it gives them the environment to 
develop to their fullest potential, so that they may use themselves wisely 
and well. 

A better world is, after all, the objective of conservation teaching. And 
a better world cannot be had without a human commitment. What people 
are and what they do speak louder than what they say. 



The Science Teacher and His 
Approach to Conservation 


A study of curriculums throughout the country shows, as we have 
said, that conservation is taught pervasively throughout the courses of 
study. Nevertheless, conservation teaching has certain trends in "struc- 
tural” characteristics as shown in teachers’ approaches. It should be em- 
phasized that these are merely trends, but rather distinct and noticeable 
ones. 

DEFINITIONS OF CONSERVATION 

In Chapter 1 we started by equating conservation with resource use 
but quickly modified tire statement to include “wise” use. We noted that 
conservation signifies an attitude, a way of looking at life, leading to a 
definite kind of behavior with specific goals in view. All these ideas and 
others are inherent in the word conservation. That is why a brief defini- 
tion is difficult. A generally acceptable one concerns itself essentially with 
a statement of policy, i.e., conservation is the wise use, intelligent devel- 
opment, and efficient management of our natural resources. 

Some scholars have tried other types of definition. Charles Lively, 
for example, especially conscious of the role of new and to-be-developed 
resources, products of the inventiveness and skill of man, defines conser- 
vation in this manner: 1 “Conservation consists of equating the use of 
natural resources with the varying demands of population, so that re- 
source supplies will not become exhausted before adequate supplies of 

’ Charles E. Lively and Jack J. Prciss, Conservation Education in American Col - 
leges. The Ronald Press Company. New York, 1957, 
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equally useful resources are either discovered, invented or otherwise re- 
produced. 

Many other definitions are to be found in the literature of conservation. 
Whatever the definition, one thing is certain; each concerns itself with 
the use and care of our natural resources. 

The economist, Edwin G Noursc, offers us one classification of the 
pillars of our modem economy. These are natural resources, labor, capi- 
tal, private management, and government. Whatever classification is pre- 
ferred, natural resources are basic. Without them there is no economy. 

What, then, are our natural resources? If we accept what is taught in 
our schools, we find essentially that the area covered falls into the fol- 
lowing groups. Although arranged somewhat differently, these groups 
confirm the classification of Resources for Freedom (Sec. 19-2/). 

Renewable Resources. Those which can be replenished when properly 
managed 

Materials. Plant and animal life, forests, soil ( as far as it can be replen- 
ished), water (as far as it be recycled), land for scenery and recreation, 
air (as far as it can be kept clean) 

Energy. Water power, wood as fuel, animal power 

Nonrcncwable Resources. Those which become unavailable when used 


Materials. Minerals, metals, nonmetals, chemicals, industrial by- 
products, land in natural condition 

Energy. Fossil fuels and lubricants (coal, oil, gas), atomic energy (fis- 
sion ) 

“Inexhaustible" Resources. Those which are at present so abundant that 
they seem limitless 

Materials. Ocean, sun, certain rocks 

Energy. Solar energy, winds, tides, temperature differentials, atomic 
energy (fusion) 

Whether this classification is useful or not, it includes the major areas 
with which our schools deal. Add to this a fourth category: 

New and To-be-developed Resources. Those which depend on the 
brains and skill of specially trained persons for discovery and develop- 
ment. Materials and energy may be drawn from any of the other three 


categories of resources. 

These resources still to be discovered and developed are decidedly a 
part of the conservation picture. Our presently unknown resources are 
unpredictable; whatever they are will be the result of the inventiveness 
of the human brain. Thus, nylon fiber was an unknown resource in 19.0, 
we might then have been concerned with the conservation of the silk- 
worm and mulberry trees. Other once unknown resources, such as 
butadiene rubber, orlon, polyethylene plastics, come to mind. 

These new products, made of existing raw materials in new chemical 
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configurations, depended for their discover)- and development on human 
inventiveness. From the creativity of still other individuals will spring our 
resources of the future. In any event, in considering the resource-use 
outlook, we do not conceive of it as excluding the undiscovered or still 
to-be-developed resources. _ 

It will be seen that our own selections in this liandl>ook include the 
same broad emphasis, covering nonrcncwablc and “inexhaustible re- 
sources quite as fully as the renewable ones, and devoting a section to the 
human potential upon which depend our new and to-bc-developed 


resources. 

Our selections also cover a large range of practices in regard to re- 
sources, such as protecting, restoring, reusing, recycling, allocating, sub- 
stituting, and planning— each a significant conservation measure. 


THE CURRICULUM IN CONSERVATION AND RESOURCE USE 

From additional surveys of curricular practice in the United States, 
three notions may be derived: 

1. In general, the present approach to conservation education consists 
of its integration throughout the elementary and high school curricuhims. 
In the vast majority of instances, a separate course in conservation is not 
given. 

In those elementary schools where the program is centered around the 
experiences of the children, direct contacts with conservation occur as 
they are motivated. This is not to assume that planning does not occur. 
Generally speaking, however, conservation activities per se enter into 
what are recognizably the science and social studies areas. However, art 
and English (at all school levels) may deal with topics that could be 
considered conservation. 

2. In the high school, the general practice is to have work in conser- 
vation as part of a specific topic in a given course. In general science, 
topics such as soil, “water,” “electricity” are common. In biology, chem- 
istry, and physics, the practice is to include resource-use education as 
part of more specific topics (e.g., soil and water in relation to photo- 
synthesis, the resources of specific metals in relation to the study of their 
chemistry, the resources of oil within a unit on hydrocarbon chemistry, 
water resources within a study of electricity in physics), or as specific 
units with such titles as Conservation (in biolog)’) or Farm Problems (in 
social studies). 

3. As has been indicated previously, if we consider all the areas that 
are taught in high school science throughout the four years in which 
science is given (general science, biology, chemistry, physics, and earth 
science) and extract from those the areas that arc clearly conservation and 
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resource use, we find, in essence , a course of study in conservation. TIip 
course of study consists plainly of the topics in our Table of Contents 
Were these topics taught in a single year, we should have a full-year 
course titled Conservation or Resource Use, which derived its materials 
From all science areas For those who are interested in such a course 
within the objective of general education, this handbook may serve a 
significant purpose . 2 

Any teacher who has studied methods of devising curriculums will rec- 
ognize in the method we have used to derive our “course” in conservation 
and resource use one valid way in which courses anse. That is, a course 
may be born when there is recognition that the materials “scattered" 
throughout the entire curriculum need to be brought together. This hap- 
pens when it is realized that grouping is necessary not only because the 
concepts serve one aim, goal, or purpose, but because it is least wasteful 
of administrative, teaching, and learning time. Clearly, one could make 
a strong case for placing resource-use and conservation materials in one 
course of study. Clearly, the course serves the purposes and goals of 
general education or of liberal education. Just as clearly the time is not 
yet ripe for the more widely spread inclusion of such a course, if only 
for the reason that our public schools in the United States are in the 
throes of a great experience, if not experiment. That experience is to 
make a full education from elementary through high school available to 
all who wish it. Curriculums, methods, ant! administrative devices are in 
ferment in the truest sense of the word. 

For the present, then , most schools include rcsottrcc-use teaching per- 
vasively throughout the curriculum. There is no evidence whether Ibis if 
not as effective, less effective, or more effective than tcaeliing resource 
use in a single course. As educators turn to experimentation in the real 
sense, the evidence may be forthcoming. 


An Example 

Be that as it may, there are many examples of the way school systems 
are proposing to include resource use in tiicir curriculums, one of uliicli 
is offered hero. It is submitted strictly as an example of curriculum plan, 
ning and is not meant to invite comparison with other plans. Other plans 
(again only a few) are listed at tire end of this chapter. 

Our purpose is to point only In the curricular device adopted; Resource 
use is made perartsive through the years ami perxad„ also curious 
subject -matter areas. Hesourcc-use education is not rests, ctcd to renoss- 


•n« -course of stud,-- is derisesl. « 1- I"" *■* '”™ 
science orfcto In use In repr~r.tat.se eecnrr 

Included are also represented la the procedure, end Uctagues llu, .re l. l~e 

of this book. 
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able resources but includes the nonrencwablc as well. No attempt is ma e 
at a rtttol analysis o! the "outline- * which follows, but it is an example 
of an effort in the direction of which we speak. 


Learning to Use Xlw Hampshire s Resoetces: 

A Guide to Secondary Schoolt, 1953 
soil rEsourcES* 

Flan of Integration 

Appreciating that each course lias more or less to offer for conserva- 
tion, it is suggested the following be stressed or reviewed from the 
standpoint of soil conservation, 

I. General Science and/or Physics 

A. Study of Mechanical Effects 

1. On the various types of environment 

a. Water velocities ( motion) —soil carried at different speeds 

b. Alternate freezing and thawing (heat) 

c. Glacial action (friction) 

B. Water-holding Capacity — Tests 

1, Surface tension 

2. Capillary action — treatments for increasing water-bolding 
capacity 

C. Other Contributions Such as: 

1. Insulation 

2. Conduction 

3. Expansion and contraction 
II. Chemistry 

A- Soil Chemistry 

1. Analysis of soil samples — various types 

2. Study' of fertilizer analyses 

a. Necessary chemical factors — sources 

b. Limiting elements in nature — supply methods 

c. Formation of organic matter 
B. Study of Agricultural Station Work 

1- Fertilizer experiments 

2. Nutrient sources in nature 

3. Nutrient loss prevention 
C- Basic Reactions 

1. Chemical exchanges 

2- Chemical freeing of bound useful nutrients 

•By permission from the State Department of Education, Concord, N.H. The 
subjects covered in the guide include our four great renewable resources: water, 
soil, for e-its, and wildlife. Human resources and mineral resources are also touched 
upon. We base chosen only a portion of one of these topics, oamdv. soil, to show 
now it « developed. 

‘The section on sod resources includes also “Specialized Concepts, Topics, and 
ictormatioa, with emphasis on New Hampshire’s particular conditions and problems. 
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IH. Biology 

A. Study of Plant and Animal Dependency 

1. Plant nutrient needs 

2. Availability of various nutrients 

3. Methods of preventing nutrient loss 

4 Methods of supplying ncecUd nutrients 
a Loss through erosion 
b Loss through growth use 
c Loss through poor practices 
5. Problem of burning leaves 
G. Problem of dumping lawn mowings 

IV, Geology and Geography 

A. Sod Erosion 

1. Kinds— -sheet, rill, stream bank, gully 

2. Influencing conditions — slope, rainfall, \egetation 

3. Climates — north versus south 

4. Harmful deposition 

5. Wind effects 

G. Prevention methods 

a. Contour planting 

b. Strip planting 

e. Forest versus downstream reservoirs 
d. Windbreaks 

c. Reforestation 

V. Mathematics 

A. Study Soil Loss Tables 

B. Study Silting Tables 

C. Other Pertinent Statistics 

VI. Art 

A. Diagramming 

B. Photography 

1. Making black and white slide lectures 

2. Making color slide lectures 

3. Appreciation of good practice situations 

C. Construction of Models Pertaining to Study of Soils 
VII, Agriculture 

A. Type of Farm Soil and Water Retention 

B. Soil Fertility versus Type of Crop Best Suited 

C. Farm Mathematics — Surveying 

D. See Also IH, Biology 

VIII. Sociology, Government, and History 

A. Soil Laws 

B. Water Rights 

C. Fertilizer Laws 

D. Population Movements 
JX. English 

A. Cooperation with Other Teachers 
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B. Book Reports Assigned from Bibliography _ 

C. Assigned Reports Baser! on Conservation Movie Films 

D. Debatin'. Conservation Problems Affecting Local Communitj 


X. Home Economies 

A- Mineral Resources and Tools 
B. Earthenware versus Metalware 

XI. Industrial Education 

A. Farm Machinery and Good Practices 

B. Soils and Ceramics . 

svcCEsnox: Cooperation of carious teachers for correlation and review. 


SOIL CONSCnVATIOS" 

This section on soil conservation offers a wide variety of considerations 
that can be applied to some of the specific problems, conditions, or 
needs that exist in ever)’ school community. Identification of such can 
be accomplished by working through local and state resource people, 
community leaders, and those who earn a living from the soil. It is 
not to be used as a textbook. The examples of actual class procedure 
are gi\en you for your guidance. Examine them carefully and refer to 
the material that follows to see how the concepts and procedures may 
apply to your own school situation. Perhaps you can make a direct ap- 
plication and improve on what is reported. 

Actual Classroom Experiences 

The report which follows is based on actual work with junior high 
school pupils and suggestions that may be made a part of organized 
class procedure. The fact that this unit was carried through in a class 
of twenty-five to thirty pupils in a large junior high school [in New’ 
Hampshire] is no valid reason why any group should hesitate to follow 
a similar plan. 

Exploring Soils in Junior High 

Interest in sod conservation developed in a vocational agriculture 
class which decided to mate a first-hand study of: 

Management of pasture land 
Approved practices in cultivation and tillage 
The establishment and care of woodlands 
Effects of erosion and methods of control 
Discussion and planning indicated that the class should do these things: 
Visit a “green pastures" farm 

Exam ine areas that show results of wind and water erosion 
Arrange other field trips when specific information is needed 
During activity and regular class periods the information obtained 
was discussed and interpreted with special reference to corrective steps 
being taken or what might be helpful. Careful consideration was given 
to how the work could be correlated with guidance physiography, 
civics, English, and modem languages. 
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airrcnt literature films, film strip,, reference materials, snapshots, 
, ,f p,a y of , “ hib,,s 3 "‘ 1 ™*ls, °ntl individual projects Lved 
valuable m making instruction vital. 1 

Resource people who frequently met with the class included: 

Soil specialists Land owners 

Foresters A dairy farmer 

County agent A general farmer 


The class got a better understanding of the points listed below and 
could appreciate the/r importance. 

The productivity of soil can be increased by proper care and by 
using it for the purpose for which it is best suited. 

Erosion by wind or water removes the most valuable part of soil. 

Woodlands are important as sail builders and protectors. 

Other people besides farmers and dairymen have an interest in 
good use of soil. 

Good practices in cultivation can help compensate for a limited 
Muter supply. 

First-hand Science Experiences for the Senior High School 
These suggestions may be used in a high school of any size. They 
are based on workable plans carried out in senior high schools in dif- 
ferent parts of the state fNevv Hampshire]. 

A teacher of biology used the area around the school for held trip 
study and observation of: 

Soil differences Soil profile 

Origin of sod Examples of erosion 

In anotiier school (he biology teacher used a section of the school 
lawn as an outdoor laboratory to: 

Study frost and water erosion 

Find out how to correct the condition 

Correct erosion by fertilization, seeding, and hedge planting 

Study the effect on soil produced by worms, insects, and other 


living organisms 

A teacfier of chemistry and his class became interested tn a study 
of the chemistiy of soil with special reference to productivity. By means 
of field trips for direct observation and getting sod samples, by visiting 
a produce farm, and by enlisting the help of a soil conservationist and 
the County Agent, his class learned about: 

Testing soil 

Causes and correction of soil acidity 

Value of drainage and water diversion trenches 

Factors in soil fertility 

Good practices in maintaining organic content of soil 
Relationship between soil condition and food value of crops 
A teacher of vocational agriculture with his class made an intensive 
study of how to prevent loss of soil. The same kind of study may just 
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M easily be made bv other classes outside the special held o[ agriculture. 
Tne specific things' his class learned about through direct observation 


included: 

Different tv'pes of erosion and how to correct them 
Physical characteristics of soils 

How to maintain and mal:e proGtablc use of soil by means o : 


Contour plowing Addition of organic matter 
Use of cover crops Use of land for the purpose for 
Land terracing which it is best suited 

Crop rotation 

While these projects were developed in different school communities, 
there were elements common to them all. They grew out of needs and 
problems recognized by teachers and pupils or out of an interest gener- 
ated bv teacher-initiated discussions. In even' school the need for direct 
observation was felt and one or more field trips were planned and taken- 
This observation study was woven into the framework of regular in- 
struction. 

Slides, films, film strips, contour maps, soil survey maps, related litera- 
ture of several kinds, die services of resource authorities, and the help 
of people earning a living from the soil were used. 

The outcome of school efforts here listed varied from place to place 
but the collective total was impressive. School and individual pupil 
gains included: 

Realization that good soil is necessary' for good living 
Knowledge of good practices in use of soil 

Recognition of how quickly man can destroy what nature required 
centuries to build 

Choice of a conservation career as an occupation 
Interest in a wider range of reading 
School or class or individual reports for publication 
Awareness that natural resources are inter-dependent 
Better understanding of one’s own community 


Some Other Curriculum Plans 

The Plymouth Experiment (19-54), High School Conservation Program, 
Plymouth, N.H., The Conservation Foundation, 30 East 40th St., New 
York 

Cun an Increase in Population Be Met with Comercation? Resource 
Unit in 10th Crude Ceneral Science (5C-12), Portland Public Schools. 
Portland, Ore. 


/in^ CT 2 , ' i °r n T 1 ”f ,our “- UK Education in High School Teaching 
IO>S) Hartford Public High School, Hartford, Conn.. Mary F. Wa- 
t erous, RFD 1, Avon, Conn. 
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Conservation Teaching in Geneva Public Schools (1952), Junior am! 
Senior High ScJiools, Geneva, N.Y. 

Suggestions for Conservation Education, Intermediate and Upper 
Grades, Alameda County Schools, Oakland, Calif. 

Teaching Conservation ami the Wise Use of the Renewable Natural 
Resources (1955), Marion County Public Schools, Fairmont, W.Va. 

Education for Better Use of Our Resources ( 1952), Capitol Area School 
Development Association, State College, Albany, N.Y. 

Suggested Material for Teaching Conservation in the Secondary School, 
Colorado State College of Education, Crceley, Colo. 

A Curriculum Unit in Conservation of Natural Resources (1952), 
California School Supervisors Association, Northern Section, California 
State Education Department, Sacramento, Calif. 

Using Resources Wisely (1956), New York State Education Depart, 
ment, Albany, N.Y. 

An Outline for Teaching Conservation in High Schools (1953), US. 
Department of Agriculture, Soil Conservation Service (PA-201), Wash- 
ington, D.C. 

This brief list indicates that on various levels — a single school, city, 
county, state, and nation — materials for teaching conservation are being 
made available. 

This handbook, Teaching Science Through Conservation, is designed 
to supplement existing materials. It is our hope that it may help teachers 
to develop their own individual way of teaching science through con- 
servation. 



PART 2 

Conservation as a 
Study of Interrelationships 
between Living Things and 
Their Environment 
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Plants as Food Makers 


This chapter concerns itself primarily with the green plant, the basic 
resource needed to sustain all forms of life. Someday, perhaps, nun 
may learn to create food in test tubes from other raw materials. For 
the present, however, he owes his life to the foot! manufactured by 
green plants. He owes to them also many other important products, 
lumber, paper, pulp, textiles, chemicals. 

A study of conservation can hardly begin without some knowledge of 
. the food factories of plants and the way they operate. What arc the 
basic raw materials needed? Where do they come from? flow are they 
supplied? Ifow utilized? What happens sthen there is a shortage of 
any of these raw materials or resources? What can be done about such 
a shortage? 

These questions, and others like them, Mong in any study of biology, 
properly they apply to conservation. As in all chapters, however, we 
have been selective and not all-inclusive Wc have also taken the liberty 
of including comments from time to time on the relationship of the tech- 
nique described and the concepts in conservation to which it applies. 

FOOD MAKING IS GREEN PLANTS 
5*1. Photosynthesis: A Chemical Reaction 
The equation following is a condensed version of a most important 
chemical reaction, for upon it all living things depend. 

Light energy Stored energy 

6CO- + 611-0 — CJL.-O, + 60.« 

Research scientists all over the world are learning more and more alwut 

10 
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the many and intricate steps involved in the process of photosynthesis. 
Each month brings new discovery. . . . 

Perhaps your students will catch the excitement of watching the 
storv unfold. When the answer is finally known, man may be able to 
set up his own photosynthetic factories for making carbohydrates and 
other foods, thus imitating the green plant’s chemical laboratory. 

You may want to begin the work by recounting the story of van 
Helmont and the willow twig. Or, if possible, repeat the "experiment 
Remember bow he planted the twig, which weighed 5 pounds, in a barrel 
of soil weighing 200 pounds? The twig grew abundantly. After 5 years. 
Van Helmont weighed the plant. It had gained some 164 pounds in 
weight, while the soil had lost only a few ounces. Now, if the plant had 
not absorbed food from the soil, what was the source of the materials 
which the plant had converted into plant tissue? Van Helmont thought 
the tree had converted the water from the 
soil into plant material. What are the facts 
as we know them today? 

Or approach this fundamental work on 
food making in plants in this way. Seal a 
snail in a large-sized test tube of aquarium 
water (Fig. 3-1). How long will it live? In 
another test tube place a sprig of elodea 
( Anacharvs ). How long will this plant live 
in a sealed tube? Draw explanations from 
students. Lead into a discussion of how 
plants make their food. What conditions 
are needed for food making? 

3-2. Starch: Evidence of Food Making 
Have students select healthy plants such 
as geranium or other thin-leaved plants 
that have been in the light Students may 
then test the leaves for the presence of 
starch. (Certain plants — the shoots of on- 
ion, for instance — do not store starch but 
store sugars instead). 

Fir. u «•», « . Since storage of starch is an evidence of 

cadi scaled test tubeMa) A 1°°^ ™ ldn =’ students ma V test the leaves 
snail in aquarium water; (b) * or starc h by adding dilute iodine solution 
elodea in aquarium water. (Sec. 18-lo ), but the chlorophyll must first 
be removed so that the green coloring does 
not oWre the results, as v,ffl happen when iodine solution is added 
to the fresh leaves. Be certain to have students use leaves of green plants 
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that have been in sunlight for several hours. It may bo necessary to 
use an electric lamp on cloudy days and set the plants about 2 feet 
from a 75-watt bulb for several hours. 


First boil several of these leaves in water to soften thorn. Then transfer 
the leaves into warmed alcohol. When an electric hot plate is not 
available, take the precaution of setting a small beaker of alcohol into 
a larger Pyrex beaker of boiling water over a bunsen burner. Or use a 
long test tube in place of the smaller beaker so that the alcohol fumes 
are carried as far away from the bunsen flame as possible. 

Call students attention to the observation that the leaves have become 
blanched as the chlorophyll dissolves in the alcohol The students should 
be sure to wash off the leaves in water and spread them out flat in a 
pclri dish or other container into which a dilute iodine solution can be 
poured. After a few minutes, wash off the iodine and look for the 
bluish black color in the leaves. Tills is evidence of starch in the leaves. 
Compare this with the standard test for starch (Sec. 8-14). 

You may want to develop the idea that the energy of the sun is 
transferred into many forms of energy (Fig. 15-1). For example, from 
where does the energy released in the burning of sugar or starch come? 
You might also want to develop the conditions needed by a plant for 
food making. Have students demonstrate what happens if any one of 
these conditions does not prevail (Sees. 3-6, 3-7, 3-9). Or you may prefer 
to show the color film Gift of Green (New York Botanical Carden) or 
Photosynthesis (United World Films). 

Viewing Starch Crains. Starch grains arc distinctive for specific kinds 
of plants. Students may examine grains of starch in the white potato. 
They may lightly scrape the cut surface of a raw potato and mount this 
material in a drop of water on a dean slide. After students locate these 
irregular oval grains, have them apply a drop of dilute Lugols solution 
(Sec. 18-lo) to one edge of the cover slip as they remove the water from 
the opposite edge of the cover slip with filter paper. 

Some students may want to make a comparative study of the different 
shapes that exist in starch grains. In fact, this lias been a way of classify- 


ing plant types. 


34J. Other Food Compounds Froduccd by Plants 

Most of sour students will be satisfied to identify starch as the product 
of photosynthesis (Sec. 3-2). Other students, particularly iW in your 
chemistry* classes who love Ix-gun the study of organic chemistry, nuy 
be inter'ested in reporting how the first product of photovymtlinis, 
clncose, is converted not only into starch in some plants but into «ne 
Mi«*ar in others. They may also want to discover what is Inmvn alrmt 



„ UV1NC THINGS AND TIlEin ENVIRONMENT 

1 conversion of the glucose in plants into fats, oils and P-^taLSU- 
dents will become aware that the complex protem molecules, n addtt. 
to containing hydrogen, oxygen, and carbon, also contain both nit g 
and sulfur am/usually phosphorus. Where do plants obtain these 
ments? This might well lead into a discussion of and experiment. 

plant nutrients (Secs. 8-8 to 8-12). . . , . _, (rit i 1P t: c 

One of your students might report on the short cut in the photos) nt ieti 
process made possible by photosynthetic sulfur bacteria. These bacteria 
it has been discovered, can bypass the mating of sugar and produce 
proteins directly through light energy. . 

Plants produce many organic compounds besides food, each speci 
creating compounds peculiar to itself. Odors, flavors, colors are a l,e 
to organic compounds synthesized by plants. There is material here or 
special reports by students and for the beginnings of research. 


3-4. Oxygen: A By-product of Food Making 

1. Fasten a few sprigs of healthy elodea plants to a glass stirring rod 
with a rubber band. Add a pinch of sodium bicarbonate (a source of 
carbon dioxide) to a beaker of cooled aquarium water, which lias been 
boiled to drive off the dissolved gases. Invert the elodea plants, so that 
the freshly cut stems are upward in the water. When sunlight or electric 
light shines on these plants, watch the different rates at which bubbles of 
oxygen-rieb gas are given off when the plants arc different distances from 
the light source. 

2. Students may demonstrate that this gas is rich in oxygen. Remove 
the glass stining rod, and insert these elodea plants into a glass funnel 
(Fig. 3-2). Collect the escaping gas in this way: Over the stem of the 
funnel invert a test tube filled with water. Leave the plants exposed to 
light for some hours. Students may observe liow water in the test tube 
is displaced by the gas bubbling from the freshly cut stems. You may 
insert a glowing splint into a test tube of this gas to identify it as oxygen. 

These demonstrations are rarely satisfactory, hut you may have a 
student who would like to discover why the residts arc erratic. Probably 
the answer lies in many factors, c.g., the strength of sunlight, air spaces 
in the elodea, the carbon dioxide concentration, etc. Here are two sug- 
gestions that ought to help: When testing for oxygen, discard the first 
half inch of collected gas (mostly air) and start over. Instead of a pinch 
of sodium bicarbonate try using 2 cubic centimeters of 0.25 per cent 
solution of the bicarbonate for every 100 cubic centimeters of aquarium 
water. 

A striking illustration of the evolution of oxygen during photosynthesis 
may be given in this manner: Place a potted plant and a mouse on a 
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tray. Cover UiMn both Kith a bell far " 3 

with petroleum jelly. ’ !t a,rt, S^ t hy sealing 



Fig. 3*2. Collecting oxygen liberate*! liv elodca sprigs. 


consciousness. As soon ns sunny conditions are restored, tbc renewal of 
oxygen will cause the mouse to rewire and scamper once more. 

3-3. Chlorophyll in Food Making 

Bring to class a green and white coleus plant or a silver-leaved 
geranium. Ask* students how to demonstrate whether the chlorophyll » 
needed for starch making. Have a student repeat the demonstration in 
which the leaves nrc tested for starch with dilute iodine solution (See. 
3-2). Of course the chlorophyll should first be removed from the leaves 
bv heating in water and then in alcohol. Ask students to hvik along the 
streets, in the park or meadow for trees whose leaves are not green. Are 
there many? Do they make food? Students might bring a feu leaves 
back to school to test. 

You might want to follow this with nnotlnw danomtratinn of die 
role of light in food mating (Sec. 3-d). or elicit from students through 
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reports a discussion of how nongreen plants get their food. For cx- 
amole how do molds or mushrooms ohta.n food (bee. 0 - 10 ). 

Green Plant Cells and Chloroplasts. Students may examine V** 
leaves under tire microscope to sec what males plants green. T1 
plant elodea is excellent for this purpose since its leaves arc : so . ■ 

Mount a leaf in a drop of aquarium water on a clean slide and flat 
the drop with a cover slip. Students should identify chloroplasts in 
the cells. In young leaves, you may find the cytoplasm streaming in 
cells so that the chloroplasts are carried around the periphery of ca i 


You may want to have students compare these plant cells with some 
others that lack chloroplasts; for example, the thin membranes between 
the overlapping storage leaves in an onion bulb would show cells lack- 
ing chloroplasts. 

Cell Arrangement: Cross Section of a Leaf. When students are stud)- 
in<* some phase of photosynthesis there may be a need to examine a thin 
section of a leaf to see how the cells are arranged in layers. 

Students may study prepared slides that have been purchased from 
a supply house (Sec. 18-3), or you may want youngsters to make free- 
hand sections in this way: Cut a piece of a leaf, preferably a thick or 
succulent leaf to begin with, into half-inch pieces; drop these into a 
container of cold water. Then slit in half a fresh carrot that has been 
soaking in water, so that the carrot cells are turgid. Sandwich the piece 
of leaf between two halves of carrot and fasten with a rubber band. 
Or insert the piece of leaf between a slit made in elderberry pith, the 
pith of cornstalk, or balsa wood. 

Now, with a sharp razor, cut thin, on-the-bias slices of the carrot or 
pith with the leaf between. Float the thin bits of leaves in cold water; 
transfer these by means of forceps into a drop of water on each of 
several slides, and apply cover slips. Under high power students may 
find a part of the section of a leaf thin enough to identify epidermal 
layers, palisade cells, and spongy tissue with air space interwoven be- 
tween the cells. Which layers of cells are essential for food making? 


3-C. Light and Food Making 

Testing the role of sunlight in food making provides another chance 
for laboratory work to help students see bow green plants are dependent 
on the suns energy. Many kinds of thin-leaved plants may be used- 
Cover several leaves so that only a part of each leaf receives light. Use 
sheet cork cut into disks, carbon paper, or aluminum foil to cover part 
of each teaf (Fig. 3-3). Now place the plants in light (sunlight, or light 
from a 7o-watt lamp placed about 2 feet away). Remind students that 
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the plants should have been in the dark about two dais prciious to 
tins experiment. Wl,v? ' prciious to 


tins experiment. Why? 

Have students boil the leaves in 
water after the leaves have been in 
light for several hours. Then transfer 
them into warmed alcohol, wash the 
leaves in water. Next, immerse the 
leaves in dilute iodine solution (Sec. 
18-ln). Students should be able to 
see the blackish areas where starch 
has been made since light penetrated 
the leaves and compare these with 
the light brown regions which were 
covered. 

3-7. Carbon Dioxide and Food 
Making 

In Water Plants. When students 
learn the use of an indicator such as 
bromthymol blue, they can plan many 
effective demonstrations to show how 
plants absorb carbon dioxide in light 
or how both plants and animals give 
off carbon dioxide too (Sec. 3-13). 



Fig. 3-3. Light is needed by green 


When bromthymol blue is acidified leaves to make starch. Apply □ cork 
“ from b, e t0 ycll0 i, S ,u. 
dents may add 20 cubic centime- p fnJ _ 

ters of a 0.1 per cent stock solution 

of the indicator (Sec. 18- lc) to 50 cubic centimeters of the aquarium 
water in which elodea plants are growing. Wit!) a straw have students 
bubble exhaled air into the solution until the increase in carbon dioxide 
in the solution just turns it from blue to yelfow. Now have students 
prepare several test tubes of this yellow solution. Into some add a sprig 
of elodea and let others stand without the plants. Students may also 
suggest that some test tubes containing the plants be covered over as 


additional controls. 

Ask students to explain why the fluid in the test tubes in the light, 
containing elodea plants, turns back to blue. 

Lack of Carbon Dioxide. You may want to show tliat a lack of carbon 
dioxide causes food making to be inhibited in green plants. Students 
may enclose under a bell jar a healthy geranium p! ant along with a 
beaker containing sticks or pellets of sodium or potassium hydroxide 
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plants ought first to have been in the dark for several dajs so 
drerr leaves contain no starch at the start of the demonstration. 

After several days, when students test 
starch, which leaves show less starch or no starch? Wh>? (Use t 
described in Sec. 3*2). 


3-8. How Plants Obtain Their Carbon Dioxide 

Stomates, the Air Passages. Students may discover where stomates are 
located on leaves and find out what their role is. 

Immerse the blades of the leaves to be examined in hot water wm 
at the same time pressing the petioles of the leaves between the lingers. 
Have students observe tire bubbles of gas that expand as a resu ° 
heat and leave the surfaces of the leaves. Note on which surface r 
hubbies congregate; it is on the surface where stomates are in greates 

number. , . 

As a laboratory lesson, you may want to have students confirm tneir 
observations by preparing wet mounts of the epidermis of the leaves 
and looking for stomates and guard cells. 

Out of doors, students may examine the 
orass. Why are they not found under trees? Where are the stomates oi 
grass? Suggest that students take some blades back to the classroom for 
examination. 

Stomates and Food Making. Select a geranium plant that has been 
in the dark for a 12-hour period and bring it to class. Have students 
apply a thin layer of petroleum jelly to the underside of each of several 
leaves. 1 (The stomates must be completely clogged to ensure success.) 
Then apply petroleum jelly to the upper layer of other leaves of the 
geranium plant. Place the plant in moderate sunlight for several hours. 
I^atcr, when students have wiped off the petroleum jelly or dissolved 
it in ether or carbon tetrachloride, they may test the leaves for the 
presence of starch as in Sec. 3-2. Students should find that those parts 
of the leaves which had stomates clogged with petroleum jelly did 
not make starch, since carbon dioxide was lacking. 

Role of Guard Cells. Strip off the lower epidermis of the leaf of a 
plant such as a geranium plant, BnjophijJlum, Asplenium , or Boston fern 
that has been standing in bright sunlight for several hours. Mount the 


growth of some patches or 


* Red begonia, rubber plant, hl\ , nasturtium, and lilac are some typical example* 
of plants which, along with the geranium, ha\e stomates in the lower epidermis- 
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dim slrip in a drop of wafer and affix a cover slip. Locate the guard cells 
scattered throughout die epidermal cells, (defer to a botany or biology 
textbook.) Under high power note the size of the stomate or opening 
between the two guard cells Then ha\e students place a drop of a 10 
per cent glucose solution near the edge of the cover slip and draw off 
the water from the opposite side of the cover slip with filter paper. 
Look at the guard cells again. Can the students find that the stomates 
have closed as the guard cells lose their turgidity? Then some students 
may want to wet the tissue with tap water and watch for the change 
in turgor of the guard cells as they find the cliange in the size of the 
opening of the stomates. 


3-9. Water ant! Food Making 

This experiment might be performed with two healthy plants of the 
same kind in different flower pots. Conditions of light, soil, and tempera- 
ture should be the same, but one plant should receive regular water- 
ing and the other none. What conclusion can he drawn about the 
necessity of water, not only for food making but for life itself? 


WATER’S ROLE IN PLANT LIFE 
3-10. How Plants Get Their Water 


Some Physical Phenomena. To understand how plants obtain their 
moisture from the soil and how the soil holds its moisture, your students 
will need to know something about the forces of adhesion, cohesion, 
and capillary action. 

Adhesion. Dip a pencil in water. Withdraw it. Ask students to notice 
the drops of water that cling to the pencil. Why doesn't all the water 
run off? 

Cohesion. Students may note also that the liquid water sticks together 


in droplets. 

Capillarity. Take a lump of sugar and dip one end of it in a colored 
liquid, or take a blotter and dip a corner of it in ink. In botli cases the 
liquid rises above its original level by itself. Your students should be- 
come aware that tins happens because of the adhesive attraction between 
molecules of the solid (sugar or blotter) and molecules of the liquid 

Take a narrow glass tube (a capillary tube if you have one) and 
dip it into colored water. Ask students to note bow the uutcr rises 
(adhesion of glass and water). 

Capillary action plays a crucial port in plant life and, l.s-ncn in 
om own. First of all, water enriched with dissolved minerals m the 
moist soil several feet underground is raised by means of this action 
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to the upper layers of the soil, where 1^"^™“ '’“e-'venourishmcnt. 
the root hairs) draw it up ^™^ich, if not broken up by cultivation, 
tllow rapid evaporation of the soft water 

~ iust ,ong en0l,s ” 

this article students will leam of the research on the amounts of 
needed by plants for full growth conducted by Dr c - Watren to 
waite, head of the Johns Hopldns University s Climatology I^borato^ 
at Seabroolc, New Jersey. The story of this research will no doubt sugg 
experiments that could be tried by your students. f 

Absorption of Water by Seeds (Imbibition). Stir a handful o dry 
seeds such as oats, peas, beans, or wheat into a paste made ot p 
of paris. Pour the paste into a cardboard box about an inch in dep • 
When the plaster has set, peel off the cardboard and immerse the plas 
block in water. . . j 

Students may watch how, because of capillarity, water is abso 
into spaces in the plaster and is thereby transported to the en ^ as ^. 
seeds. What happens when the seeds imbibe water? (The blocks shou 
burst as the seeds swell.) This is called imbibition pressure. 

You may show how much swelling occurs when seeds absorb quantities 
of water. Fill a glass containing water one-fourth full of dried peas or 
beans. Students may find after a few hours that the seeds almost fi 
the glass. How might this pressure of seeds aid in the formation of sou. 


3-11. Rise of Water in Plant Ducts 

Fibrovascular Bundles in Plants. In the spring or fall, you may want 
to go on a field trip to look for jewelweed (Impatient) or similar clear- 
stemmed plants, which grow near water and swampy places. (Seeds or 
cultivated specimens may be purchased at many florist shops.) These 
plants may be studied in the field or students may collect specimens 
and preserve them in a solution made of equal parts of glycerin and 
95 per cent alcohol. 

Hold the stems up to the light and look for the bundles of conducting 
tubes, the fibrovascular bundles. Students may dissect out these ducts 
for examination. 

You may want to have students place some of the fresh stems in 2 
solution of red ink, or place a crisp piece of celery or a raw carrot or 
bean seedling in the same red solution. When students cut the stems or 
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mols they should see (he path where the red Me rose in the conduct^ 
ul.es Haven't the leaves turned a bit pink too? Cross secZs 3 

ass .hr,r “ ^ ,i possib,,! ^ .he 


In addition, the seeds of jcxvdweed may be collected in die field, 
then subjected to freezing for two weeks in the freezing unit of a 
refrigerator. Then let the seeds dry out for two more weeks. Later the 
seeds may be planted in moist soil and the developing plants studied. 

Using Radioactive Isotopes. Have you access to radioactive substances 
and a Geiger counter (Sec. 16-12)? Some school systems have made 
a start using radioisotopes in tracer studies with plants (including 
bacteria and molds) and goldfish. The valuable pamphlet of the Atomic 
Energy Commission, Laboratory Experiments with Radioisotopes (for 
high school science demonstrations) edited by Samuel Schenberg, 1953, 
will he particularly helpful. The pamphlet gives safety precautions in 
handling radioisotopes. Here are some examples of the kinds of work 
described in the booklet. V bung tomato plants are tested with a Geiger 
counter. Then some are placed in jars of tap water; others are placed 
in jars of tap water to which 10 cubic centimeters of radioactive 
phosphorus 32 in the form of sodium phosphate, NajP0 4> has been 
added. Theso jars are shielded with lead foil. The leaves of the plants 
are tested every 10 minutes within the Erst hour for a trace of the isotope 
rising in the conducting tubes of the plants. 

In another demonstration the rate at which radiophosphorus is re- 
moved from water by a goldfish is measured with a Geiger counter. 
Hie preparation of a radioautograph is also described using a Bsh 
skeleton, a leaf, and a colony of bacteria. 

With this as a background, students may work out procedures for 
measuring the rate of absorption of minerals from fertilizers added to the 
soil. Furthermore, they might devise methods for tracing the path of food 
substances in tire body. A study of the role of radioisotopes in medicine 
might follow. You may plan in advance to order some of these fine films: 
The Atom and Biological Science (Encyclopaedia Britannica Films), in- 
cluding a description of the role of tracers in studies of photosynthesis 
and in heredity; Atoms and Agriculture ( Encyclopaedia Britannica 
Films), The Atom and You, Atomic Greenhouse, and several others de- 
scribing peacetime uses of atomic energy (Atomic Energy Commission). 

Lifting Power within the Plant. One way by which water rises in 
ducts to great heights in tall trees may be shown in this way. Cut off 
a healthy leaf shoot under water and insert it into rubber tubing. Into 
tire open end of the rubber tubing, connect a piece of glass tubing, 
making an airtight connection. Now fill the glass tubing with wafer to 
the top, cover the end with one finger, and invert this into a container 
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rf mercury' (Fig. 34).Youmay need to support the 

and stand. Students should he able * 1 , demonstration with 

*». main,y 

because of the difficulty of making an airtight connection.) 



Effect of Root Pressure on Rise of Water. Another factor in the rise 
of water in stems may be shown in class or may be done out of doors. 
A section of glass tubing fitted to a short piece of rubber tubing lS 
needed along with a ring stand and clamp. Several students can under- 
take the demonstration for the class. Have them cut off the stem of a 
plant close to the level of the soil. Quickly attach the rubber tubing 10 
the rooted part of the stem. Clamp the glass tubing upright and p° ur 
a bit of water down the tubing so that the cut end of the stem is hep* 
moist (Fig. 3-5). Within 15 minutes, students should see that water 
begins to rise in the glass tubing. A short section of rubber tubing is used 
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so that after a short time the water may bo seen through the g!.i 

Study of Root Hairs. The increased surface for absorpik 
water offoriled by root hairs may lx; 
studied by the class. Line a glass vial 
with wet blotting paper, and insert a 
few radish seeds between the glass 
and the blotter. Roots, root hairs, and 
shoots will be visible when the seeds 
germinate without removing the 
seeds or exposing them to air. Stu- 
dents may prepare vials for every 
member of the class so that each may 
study the fine root hairs with a hand 
lens. 

Perhaps the class is ready to move 
ahead to a discussion of the diffusion 
of soluble materials through the root 
hair membranes. 


3-12. How Plants Get Their 
Mineral Nutrients 
To understand diffusion of liquids, 
your students will need to learn some- 
thing about solutions. How are valu- 
able nutrients lost from the soil by 


:» tubing 
1 of soil 



leaciungr » " r 

solutions to animal lifer 

Solutions of Solids in ''at'-- — 

solids vary in ‘u “ fo LTrate test tubes exactly 1 gram each of 

rtei y k % “ (t) hj “ cd corper “ 

fata, (c) barium s " Ua '^j d 1 , 0 ^brJntto.eters of distilled water and 
To each there is added 10 ore al]o „. e[ i to settle and the 

the test tubes well shaken. T “ ]f ^ doubl w ! ie tlier any solid dis- 
amount of umlissolved so l ■ students may filter off 4 cubic 

solves (as they will be in solution to dr, mess. Wliat is 

centimeters of the liquid 5olabili Ues of Hie four substances 

,|,e result? What is its siguificanerf ^ soIubi |i, y eharls and 

may be compared ana 

tables. , . pvneriments to study the effects of tempera- 

^ ° i asi,a,ion or Slimns ' 
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“you might also v,aut to discuss diffusion as it relates to a ^solution. 

The major reason why desert areas arc not suitable for pi gr 
is, of course, lack of water. Plants receive their nourehment frmn 
minerals that go into solution in the water of the soil. A substance 
does not dissolve cannot act as a nutrient. ... 

“Dissolving” with Acids. Sometimes, of course, acid in the sou 
do what water alone cannot do — dissolve an otherwise inso u e su^ 
stance. Pour a little dilute acid onto a chip of marble or limestone in 
a test tube. Ask students to notice the effervescence. Allow the reaction 
to die down. Filter and evaporate the remaining liquid. Is there evidence 
that the acid “dissolved” some of the marble? What is the source of aci 
in the soil (Sec. 7-9)? You might want to discuss how in nature lime- 
stone is eaten away, forming caves, making the water hard, and supp ) 
ing soluble calcium compounds to the soil. . 

Diffusion. How solutions get from the soil into the root hairs an 
roots of plants requires an understanding of diffusion — the motion o 
molecules from place to place, and particularly diffusion of water throug 
a semipermeable membrane. 

A simple way to begin might be to take a crystal of copper sulfate 
and place it in a large test tube or narrow bottle. Add water carefully to 
fill the tube and allow it to stand undisturbed for several days or longer- 
Notice how the blue coloring has spread upward. Ask students to ex- 
plain this. 

In diffusion there is always the greatest movement of molecules fm 1 ” 
the place of highest to that of the least concentration of the same kind 
of molecules. 

Diffusion through a Membrane (color demonstration). When students 
ask questions about the movement of molecules from place to place 
you may want to show them this effective demonstration. 

Fill a large-sized test tube with water and add about 5 cubic centi- 


meters of phenolphthalein solution (Sec. lS-ls). This indicator is 
colorless but turns red when an alkali is added. Now spread a wet gold- 
beaters membrane or wet cellophane (not the kind that covers cigarette 
packs) across the mouth of the test tube and fasten this in place "dth 
a rubber band. Invert the test tube over a bottle of ammonium hydroxide. 

Elicit from students an explanation of their observation of a swirl of 
red color rising within the test tube. You may want to correlate this 
observation with studies of diffusion of soluble materials through mem- 
branes of root hairs or membranes of -villi in the intestine, or with the 
demonstrations described in the next paragraph. 

That some kinds of molecules diffuse through membranes faster than 
others, building up pressures, can be shown in several ways. A small 
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committee of students may try these two techniques which show how 
water is transported through membranes. 

1. In the first technique, students may help each other in this way: 
Have one pour diluted molasses, glucose solution, honey, or corn sirup 
into the bowl of a thistle tube until the stem is filled, while the other 
student holds a finger to the bottom of the stem end of the thistle 



lub . Then - — -JZSZZ 

how long it tabes for a co ^ a rubber band. 

[he starting point P ambitious one. Students may use 

:rt"°a — -ion o£ a short, thic, hash carrot. 
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tL scooped-out part can then be filled with "" “Ve 
one-holcd rubber stopper contemrng^ g JJ (<J be SL 4d with 
inserted into the carrot (Fig- ) pnters cell membranes 

melted paraffin, a S it should fit tight y. Here " 0 anot her 

of the carrot tissue and must pass by ddluston from one cel t 
until it passes into the “center" contaimng molasses. Studerts J 
watch how water rises in the tube. (Agam, , . canton Th Y^ 
work if the outer carrot “membrane is not intact. But > 
to do this with several carrots and ask students to explain 

m You may want to go further and havestudents trace the P^feelk 

water from the root hairs (semipermeable membranes) up 

of the leaves that carry on food making. . 

Effect of Salts on Cell Contents. Sometimes you may want t 
the effects of strong concentrations of salts on plant tissues. For ins { 
what happens to plants when high concentrations of fertilizers are 
to the soil? Why will a salty soil destroy certain plants? Or, wii) 
all types of plants grow in salty soils? , . in 

The cflcct of salt concentrations on the path of diffusion ot wa ^ 
cells may be shown in a microscope lesson. Have students moun *■ ^ 
c-lodca leaf or a very thin section of a fresh beet in a drop of wal ^, en 
a clean slide and examine under low power of the microscope. ’ 
have them place 1 drop of a 5 per cent solution of table salt on one e g 
of the cover slip and draw off or absorb the water from the slide ^ 
putting a piece of filter paper at the opposite edge. The students 
observe that the plasma membrane is drawn away from the cell 
in each cell. They may also sec that the coloring matter is locate 10 
the cell sap and does not diffuse through the membrane as the water 
does. Ask for an explanation of the reason water leaves these cells. 
amid students demonstrate water reentering these cells? If there 
time, have the students replace the cells in fresh water and watch ho" 
the cells regain their turgor because of the inflow of water. You ma) 
want to stress that the cell or plasma membrane, not the cell ' va ’ 
controls diffusion of solutions into the cell. 

In conservation practice, how docs the effect of salt concentrate 0 
of the soil affect the plants? How are radioisotopes used to find tie 
answer (Sec. 3-11)? Why docs a sprinkling of table salt in the 501 
around poison ivy plants destroy the plants? 


3-13. Respiration in Plants 

Oxidation of Lis ing Cells. Your students will learn that respirab 00 
in plants, as well as in animals, consists of the oxidation of living eelb- 
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Rcspiration is in one sense tlic opposite chemical reaction of photosyn- 
thesis (See. 3-1). 

Where does the plant get the oxygen for respiration 0 Your students 
, ' V *N recall that in the photosynthetic process oxygen is evolved, so that 
the plant gets some of its oxygen during the daylight hours in this way, 
F rom xvhcrc does the plant get its oxygen supply at night? 

You may want to discuss with your class the two phases in the 
metabolism of all organisms. In one phase, complex organic molecules 
are built up (as in photosynthesis). In the other, complex molecules 
are broken down (as in respiration). 

Production of Carbon Dioxide by a Crccn Plant. To show that carbon 
dioxide is indeed a product of the respiration of plants, try these 
procedures: 

This demonstration is the opposite of a technique used to show that 
water plants absorb carbon dioxide in photosynthesis (Sec. 3-7). Have 
several committees of students fill some test tubes with a 0.1 per cent 
solution of bromthymoi blue (Sec. IS-le), which has heen added to 
aquarium water in the ratio of 2 to 5. Into each test tube insert a 
healthy sprig of elodca. Vsc other test tubes without plants as controls 
Cover the test tubes with carbon paper or keep them in the dark for 
a few hours. Why does the indicator turn from blue to yellow? One 
student might exhale into a test tube 
of the indicator to show how exhaled 
air changes the indicator. 

It may be possible to clarify the dif- 
ference between photosynthesis and 
respiration in this way. Elicit from the 
class how it might be possible to get 
the yellow phase of the indicator 
changed back to blue again. The sug- 
gestion might be made that the test 
tubes need only to be kept in the 
light for a few hours. Then the carbon 
dioxide in the indicator would he ab- 
sorbed by the green plants, changing 
the color front yellow back to blue 



again. 3.7. product ten of carbon di- 

Hcrc is another demonstration you oxl - < j e j t y a green plant, 
might show to the class and ask . . 

tlicm to explain (Fig. 3-7). Immerse the cut stalls of green plants in 
™“r in nTar or bottle large enough to hold these cutlmgs In another 
jar have similar stalls but here remove the leaves from the cutting . 
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Suspend a vial of bromthymol blue (Sec. 18-lc) or limewater (Sec. 
18-ln) from the tightly fastened cork of the bottle. Keep the jars or 
bottles in the dark or cover them with a black cloth. Ask students why 
the bottles are in darkness. What process would go on faster in the hgh - 
Why is it so difficult to measure carbon dioxide production during e 
day? Students should recall that in photosynthesis large amounts of 
carbon dioxide are absorbed. In summary, have students describe the 
oxygen-carbon dioxide cycle in plants and animals. 

Production of Carbon Dioxide by Roots. While this demonstration 
indicates that roots give off carbon dioxide, the significance of this 
small amount of carbonic acid in the process of soil formation might be 
stressed (Sec. 7-2). 

Bromthymol blue may be used as an indicator here. When healthy 
growing plants are immersed by their roots in this solution the alkaline 
blue color of the indicator should soon change to yellow as the ex- 
cretion of carbon dioxide continues. Your students might want to be- 
come acquainted with other indicators. Instead of bromthymol blue they 
might try blue litmus powder in solution (with just enough limewater 
added to make it a real blue), or phenolphthalein solution (Sec. 18-1 s) 
(with a drop or two of sodium hydroxide solution added to change it 
from colorless to magenta). 

What is the role of roots of plants in the formation of soil? Perhaps 
you may want to show the action of an acid on some limestone (Sec. 
7*2). 

3-14. Transpiration in Plants 

Evaporation from the Leaves of Plants. Show the demonstration in 
Fig. 3-8 and ask the class to explain how drops of water got into the 
bell jar in the one demonstration and not in the control. 

Then have the students repeat this for the next lesson. Place a handful 
of leaves from maple, geranium, Scmpercicum, Tradescantia, or similM 
plants under a small bell jar. Let this stand in bright sunlight along 



fr0n ? lca '£ of P lants - Aher a few hours under die 
of mouture acarnmlato. The scaond bell jar aorves as a control. 


jar. 
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with a control consisting of a bell jar without plant cuttings or leaves. 
Students should see that within a half hour the inner surfaces of the 
bell jar will show a film of moisture as a result of the evaporation of 
water from leaves. This loss of excess water from the leaves is called 
transpiration. 

You may prefer to use a whole plant enclosed within a bell jar. In 
this case, students should he reminded that the pot of soil should lie 
wrapped in plastic or rubber sheeting or aluminum foil so that wafer 
may not evaporate from its surface. Under another bell jar students 
might place a Mapped pot containing soil only, as a control. 

Transpiration from Upper and Lower Leaf Surfaces. Without detach* 
ing leaves from the plant, have students place a small square of blue 
cobalt chloride paper (Sec. 18-lh) on the upper and also on the lower 
surface of some leaves. Then fold a small strip of cellophane over the 
two surfaces of the leaves and hold in place with a paper clip (Fig. 
3-9n ). Have a student demonstrate how water applied to this indicator 
paper changes the color from blue to pink. Then heat tire paper strip 
in a test tube. Notice how the paper turns blue again when moisture is 
removed. Students should be able to determine from their observations 
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which layer of the epidermis, the upper or the lower, releases more water 

in transpiration (through the stomates). , , ^ow that 

Loss of Weight during Transpiration. While shade > a 

water is lost from leaves in transpiration, you may '""* give 

quantitative study of this loss of water. For instance, students may g 
suggestions that lead into this land of activity: 

.Take two leaves of some succulent plant-the rubber pl an t I ^ 
dastica) is excellent for this purpose. These leaves shou h o[ 

same size. When the latex has stopped Bowing, slip a l->nc | 
tight-fitting tubing over the stems and fasten with wire so ti I 

ration cannot take place from the petioles of the leaves ( ig- . 

Then students may weigh each leaf with its attached tu g 
record their findings. Next, have them apply a thin coat o pe 
jelly to the- upper surface of one leaf and to the lower surface ^ 
other. After these leaves have been hanging in a dry room or ou 
doors for several hours, students may weigh both leaves 
compare the loss of weight due to transpired water. In the ru ^ 
plant the stomates are found on the lower epidermis; in other cas > 
a check may be made by examination of the upper and lower a) ^ 
of epidermis under the microscope or through the use of cobalt cn on 
paper (Sec. 18-lh). . . 

For still other experiments on plant nutrition and other aspects ot p 
physiology, see A Sourcebook for the Biological Sciences (Sec. 19-3^ ) • 

Students might report on the quantities of water lost in transpiration ) 
particular plants. It is estimated, for instance, that a single com P|f n 
may, on a hot summer day, lose as much as a gallon of water. " 
happens to this water? Might it be completely lost to the particu ar 
region where the plants grow? Do your students see why irrigation is 


region where the plants grow? Do your students see why imgation 
considered a “consumptive” use of water? 

Transpiration is becoming an increasingly important factor in water 
shed management. In certain regions where water is scarce, the typ® 
of vegetation planted has an appreciable effect on the preservation 0 


the limited supply of water. 

Students might be referred to studies being made by certain 
Forest Service experiment stations throughout the country. They migb* 
want to read Vegetation and Watershed Management, by E. A. Colma* 1 
(The Ronald Press Company, New York, 1953), a research study spon- 
sored by The Conservation Foundation. 
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RESPONSES OF PLANTS 
3-15. Tropisms 

When a plant grows, it responds to changes in environment and 
changes m moisture, light, etc These responses often determine the 
plants efficiency in its photosynthetic process. 

An understanding oi hmv different plants respond to stimtdi of rarious 
sorts is indispensable to those interested in spurring the growth or 
plants and improving their quality. These arc conservation measures oi 
importance. 

On a field trip (Sec, 38-5) planned around this study students may 
be ashed to locate evidences of drolropism (response to uater), or 
the growth of vines around trellises or other plants, revealing a dogma- 
tropic response (response to touch). 

Plants that may have fallen over, as com plants often do, may show- 
stems that have turned and grown upward again. Of course, the fact 
that roots are not found growing upward or stems growing into the 
soil is evidence of the responses to gravity: in roots, a positive response, 
in stems, a negative response. It may be that stems also respond pos- 
itively to light. 

Phototropism and Leaves. You may want to take a short field trip 
out of doors to see how leaves are arranged on the stems of plants in a 
mosaic. Have students observe examples of plants that show how each 
leaf is exposed to light. Notice that the leaves do not shade each other on 
a plant. Start a discussion as to the reasons why plants or seedlings do not 
grow well under a heavily shaded tree. Wliat kind of underbrush is 
found in an evergreen woods? In a maple or oak forest? 

This field trip may stimulate observations that can be verified by 
duplicating similar situations indoors, or follow this trip with a film such 
as Reactions in rinnis anil Animals (Encyclopaedia Britannia), or Sensi- 
tivity of Plants (Almanac). 

In the classroom you may plan to set up examples of phototropism. 
Have students look for evidence of stems and leas es bending toward 
light. 

Phototropism and Seedlings. Let a student sprinkle seedlings of rad- 
ishes, oats, beans, or xxheat on cheesecloth suspended oxer a tumbler of 
water. Allow some slack in the cheesecloth so that the roots of sprouting 
seedlings reach water More they dry out. Elicit from students a plan 
for checking the response of shoots to light. 

You may already have on hand, for students to use, too small boxes, 
one of xx hich has a slit to allow light to enter. Students should eventually 
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observe in the experimental box how shoots grow toward light and 
how ™,S grow away from light (Fig. 3-10). Somohmes the shoots and 

roots grow at random in the control, the completely dark box 

b You may want to refer to obser 

If | It vations made on a field trip (Sec. 

Light-*- I | 9-3) or to work on food making w 

I 1 | plants ( Sec. 3-1 ) . 

II *&&&£, | 1 Gcotropism and Stems. Bring to 

1 TfffiT ll 1 UufT class the materials (test tubes, onc- 

1 1 illill 11 11 rv. i l 1 ! - holed stoppers, clamps, and stand) 

Fig. 3-10. A device used to show the t Q se t U p the demonstration in 


Fig. 3-10. A device used to show the t Q se t U p the demonstration in 

response of shoots to light — phototrop- pjg 34^ Tradcscantia responds 
ism ' rapidly and so, for example, does 

Begonia. You might use sprouting peas or beans, in which case you wou 
have to fasten each seed to a one-holed stopper so that the root of eac 1 
was immersed in water in the test tube. The growing shoots will respon 
quickly. Have students explain why the stems tum always upward. 

Discuss with students the value to the plant of these responses. Wha 
survival value do they give the plants? 

Gcotropism and Roots. With germinating seeds such as those of radis 
or mustard, you may want to prepare a pocket garden. Place a sheet o 
moistened blotting paper upon a square of glass and arrange on it 
several sprouting seedlings so that their roots point in all directions. 
Then cover all this with another square of glass and hold these two 
squares together with rubber bands. Stand one side of the glass square 
in a container of water. 


In a few days, when specific observations can be made, draw from 
students an explanation of the value of this positive response by roots to 
the stimulus of gravity. What happens if the “garden” is rotated to 
another position? Try it as a check. 

Gcotropism, Stems, and Roots. Soak some fast-growing seeds 
radish or mustard for a period of 12 hours. ( Tradescantia and Begonia 
are excellent for this demonstration, as they respond to light within an 
hour.) Line several test tubes with blotting paper and moisten the pap^ 
by pouring some water in and out of the tubes. Place several seeds be* 
tween the glass and the moistened blotting paper so that their growth 
from day to day is visible to the class. Add a bit of water to the bottom 
of the test tubes from time to time to keep the blotters moist. You may 
want to seal the test tubes with melted paraffin so that the water will 
not, drip out. Use wire or string to secure the test tubes to hooks or 
nails in class or laboratory. These will draw students' questions and gi ve 
nse to an explanation of the survival value in the environment for plants 
that have these inherited patterns of responses. 
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Hydrotropism and Roots. Do roots of seeds grow at random or toward 
a source of water? Students may design a demonstration to show this 
example of hydrotropism. Have them prepare a pocket garden using 
two half-sections of blotting paper, for one must remain dry. Place 
soaked mustard or radish seeds in a row between the wet and dry 
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Why did the roots grow 
why this was placed in 
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into the sponge or sphagnom’ audents may «k 
the dark. Had it been left in the light, »« 
mirrLi iiko have affected tiie 


growth of stems? ■ 

Tliigmotropism: Response of Ten- 
arils and Roots to Touch. This re- 
sponse is shown by tendrils of climb- 
ing plants that grow toward an ob- 
ject they may touch and finally curve 
around. Students might study a plant 
that entwines itself around a trellis 
(climbing rose, many kinds of vine, 
morning glory, sweet peas). 

Can students find examples of a 
negative response to touch? (Most 
root tips grow away from obstruc- 
tions. 

Chcmotropism: Response to Various Chemicals. Some plants thrive 
well in acid soil, others in alkaline, still others in neutral soil (Sec. 7-9). 



Fig. 3-12. A device to show the re- 
sponse of roots to water — hydro- 
tropism. 


few species flourish in a salty soil. 

Students might devise experiments to illustrate the responses of plan 
to various chemicals. Other students might become interested in ex 


perimenting with growth-regulating substances (Sec. 4-6). 

Chemical substances in the environment of plants and plant reactions 
to them influence to no small degree the distribution of plant species 


over the surface of the earth. 


3-1 G. Photoperiodism and Plant Structure 

What is the effect of the relative length of light and darkness upon the 
character of the organs produced by growing plants? 

In the Northern Hemisphere in June, when days are long and night* 
are short, many plants develop only vegetative structures (leaves a n “ 
stems). Not until the days are much shorter are the reproductive struc* 
lures formed. In other plants the reverse is true, reproduction being 
stimulated by the long days, a vegetative condition by the short. 

Students might experiment with sets of plants in flower pots, exposing 
half of them to long illumination (either in sunlight or artificial light) 
while confining similar matched plants to short periods of light. 

Typical “long day plants (requiring a long day to flower) are hibiscus, 
red clover, timothy, and radish. Typical “short day” plants are cosmos, 
ragweed, bean, and tobacco. The length of the day seems to have littl® 
effect on some plants, such as the tomato. 
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DEPENDENT PLANTS 

3-17. Nongrcen Plants in the Food Chain 

Fungi, lacking chlorophyll, cannot produce their own food supply as 
do green plants. Instead, 'fungi must feed on a host, either living or 
.Inanimate. Man is, therefore, in direct competition with some of the 
fungi in the straggle for existence . t . 

Conservation concerns itself in part with man’s battle against the 
fungi that unchecked might destroy lu's crops and his forests. Conserva- 
tion concerns itself also with the fungi that prolong mans hfe by helping 
him in his fight .gainst disease. The nongreen plants, including as they 
do the molds, yeasts, mushrooms, mildeivs, rusts, smuts, and bacteria, 
are most certainly part of the conservation problem. 

noodles. Mount a ,’ g hpmver students may identify 

^ toio do these molds play * £ 

sion of the harmful and bene samp i es of soil and study 

ground. At this time you may Have students report to 

the kinds of microorganisms ; in so 1 ^ thc Uni „, d States 

the class after reading in such booUjl ™ tern 

Department of Agriculture tu s a c ‘ ullures „f bread mold may be kept 
Growing Molds in the Classr . getting in nongreen plants, 

on hand in the «*«■*£ ^al'XClf ** * *!« ^ 
Moisten a few pieces of white ™ Then mver them and 

tered or expose them to the temperature. Notice the cottony 

keep the material in the dart ' at 1 ? ra „ gia , or reproductive 

fibers that develop and then the bla W., h ‘ hand Ien! . Then mount 
spore cases. Students ma yj™ ■ Look for the rootlike liyphae or 

a few fibers in a drop “ W, K "L e secr ete digestive enzymK, which 

threads that penetrate i tl to* r« ^ rolub | e forms that diffuse into 

transform starches and otner n 

the mold plants. mushrooms grow and how they nuiltip < )'- 

Students may report on hm ^ & , |ie!r r „I e in the web of life. 

In what kind of soil do fungi thrive? \ ^ demonstration desaibed 

Production of Carbon ' y Germinating Seeds, at the c 

in Production of Carbon Diox.de by 
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44 . . . r «oilts Instead of packing gcr- 

Sec 4-2, may be used here will 1 excc delivery tube dipping 

rises ssr r-rs- — - -- * - 

molds, or even mushrooms. 


two organisms is called sym different organisms which, 

13SS1 rases. - »« “ “ i ”- ** “* 

hold the water supply. . « frnces. and on 

Ask students to look for lichens growing on r , m _ 

the bark of trees. You may wantstudents to bnng ; son. Mo *»« ^ ^ 

3f^S rn^TcS - a sbde^dents sWd 
on their role in soil making (Sec. 7-2). 


3-19. A Study of Parasitism . 

A Parasitic Plant: Dodder. Should the seed plant dodder, 
nearby, a short field Wp might be *? 


between two plants. Dodder is a parasitic soed plant. notj jun^s.^^ 


how this orange vine, without leaves, twines around n green pla 
as goldenrod or other weeds. Have students csaimne how dod 
tentacles into the stems o! the host. In fact, these haustona ffosjrmw 
food-conducting tubes of the host. Look for clusters of smaU whit 
ers or seeds, my aren't these plants called fungi? What might h PP 
if dodder seeds came to germinate in soil barren of host plants. 

You may want to compare dodder in its food getting with such 0 
as Indian pipe, seed plant, or mushrooms. , ^ 

Parasitic Fungi. The story of the relationship of parasitic fungi t0 P 
tosynthesis is an entire book in itself. Consider the cereal rusts and smu » 
or the mildews. These may be studied during a field trip. Students ma) 
want to make collections of the various stages of these rusts: wheat, ° * 


pine, blackberry, apple; or of these smuts: com, wheat; or of these mil 


dews: lilac, rose; or of these spots: rose black, potato. If you live in ® 
farm area, you will not lack for specimens of these or other fungus-caus 


plant diseases. 

Students might investigate the history of these diseases of the fores • 


chestnut blight, Dutch elm disease, white pine blister nist, oak welt. 



PLANTS AS FOOD MAKERS 

4a 

Tlie fight ogninst plant diseases and the battle to beep onr forests 
healthy are conservation measures in the truest sense. 

SUMMARY 

8-20. The Food Factory of the Green Flant 

This might be the tune for your students to review the Junctions of 
cacli part of the green plant as it manufactures food. Here is the "as- 
sembly line”: 

1. The root hairs absorb water and minerals. 

2. Tlie solution of minerals in water travels up the ducts in the stems 
to the leaves. 

3. Carbon dioxide enters the leaves tlirough the stomates. 

4. Utilizing the energy of the sun, in the presence of the chlorophyll in 
the leaves, the plant converts water and carbon dioxide to sugar, 

5. The ducts carry this sugar to all parts of the plant, where some of 
it is used for growth and the rest is stored (often as starch). 

6. The leaves give off oxygen and water through the stomates during 
photosynthesis. 

Now students are ready to give special thought to this inventory of 
“musts” for green plant growth— water, minerals, carbon dioxide, sun- 
light. Which ones among these resources arc so abundant that we do not 
need to be concerned about them? Which may be in short supply? What 
can be done about these shortages? 

3-21, The Plant Kingdom in a Window Box 

When your students are investigating the plant kingdom, they might 
be interested in setting up a window box with one plant from each 
phylum. Plcurococctis on a piece of bark will thrive when the bark is 
placed on the soil. Moss, a fern, and a seed plant can then be added. Each 
plant might be labeled to show the phylum to which it belongs. 

Is the world of plants a kingdom “sufficient unto itself”? Again and 
again this will be the key question as you guide your students toward an 
increasing awareness of the interrelation of living tilings with each other 
and with their environment. 
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Reproduction and Growth 
of Living Things 


How we decide to manage our resources can only be determined in 
telligcntly on the basis of the knowledge available to us at this mo 

The way living things multiply and develop, their inheritance from 
the past, what they pass on to the future, their dependence on the wo 
they live in— without some understanding of these factors, can we p 
sibly make wise decisions regarding our future well-being and per ap 
even the continued existence of our own species? 

This chapter includes many kinds of activities you might find use i 
as your students leam to understand the reproduction and growth o 
living things, both plant and animal. Here, too, you will find experiences 
dealing with the roles of heredity and environment in living organisms. 


REPRODUCTION AND GROWTH OF PLANTS 
4-1. One Way to Start the Unit 

Communities of Living Things. You may decide to start this unit of 
work by giving your students an opportunity to explore a living com- 
munity, the kind at your doorstep, meadow, woodland, desert, lawn, 
school yard, or city sidewalk with a single tree. 

Students may observe each kind of vegetation and the forms of amm a 
life associated with it. They may begin to sense that in a community 
there is a relationship between plants and animals. To understand more 
about this mutual interdependence, students will need to know what are 
the requirements of living things for reproduction and growth. 

46 
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4-2. What Happens When Seeds Germinate 
Hrnv to Cerminatc Seeds. Students may want to know ways to ger- 
mmatc seeds for xvork with growth of seedlings (later in this section) 
for the study of hydroponics (See. 8-13), or for studies in respiration 
(See. 3-i3). They may spread seeds oeer cheesecloth, which is stretched 
across a container of water. When a bit of slack is allowed in the cheese- 
cloth, the material dips into the water and keeps the seeds moist. Stu- 
dents may Bnd it suitable to impregnate the cheesecloth with paraffin so 
that the cloth does not sag so quickly. Many containers may be prepared 
in this way, or seeds may be germinated in excelsior, sawdust, sphagnum 
moss, moist sand, or blotting paper. 

Some Interesting experiments can be set up to show how to speed up 
the time of germination of seeds. Effects of soaking, freezing, soaking 
and freezing, etching the seed coat, etc., may be demonstrated. 

Sterilizing Seed Surfaces. At times when seeds are prepared for ger- 
mination, decay or luxuriant growths of molds overtake the seeds. This 
may be prevented (or reduced, at least) by sterilizing the surfaces of 
seeds, for they may be covered with spores. Students may immerse the 
seeds in a dilute formalin solution (Sec. 18-11 ) for about 20 minutes 
Similarly, a dilute solution of Clorox (1 part Clorox to 4 parts water) 
may be used. To what extent is the formation of mold on seeds a con- 
servation problem? A student might bring in a report on "damping off," 
a constant detriment to forest seeding beds. Students might also experi- 
ment with the germination of moldy seeds in comparison with seeds that 
have had their surface sterilized. 

Determination of the Quality of Seed. Obtain samples of a particular 
kind of crop seed. Students may examine these samples to determine how 
much foreign matter is present. They may also look for injured or sub- 
standard seeds. Next, students may run germination tests to determine 
the percentage of good seeds in a given sample. 

Once these tests have been made and students are familiar with the 
purity and viability of the seeds they arc investigating, it might be 
interesting to calculate the amount of seed that would be needed to plant 
an acre. (One would need to ascertain the established seeding practice.) 

It would be possible to run these tests with seeds of different quality, 
to determine whether the least expensive seeds are really the cheapest. 


all factors considered. , 

Oxygen Consumption in Germinating See*. Hero are tm> ways to 
show that air (more accurately oxygen) is used by germinating seeds. 

Have students soak quantities of seeds, such as beans, oats peas, or 
com grains. Then pack a quantity nf these seeds into a bottle an f, 
the remainder of tl.o botile with moist sand (Fig. 4-1); be sure to fill 
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1L 0 . crevice. Then the,- should seal the 

leant jelly. Now the>- nn^rt set-up ano fu)1 0 f mo ist, coarse 

SaT-TSS l^^ve this home open. Stndents may 



compare the germination of seeds in both bottles after the bottles a\ 
been exposed to the same temperature conditions for a few days. 

In a second method, students may test for the presence of oxygen in 
the bottle after a few days of growth of seedlings. Soak the seeds an 
EH several jars about one-third full of seeds. Close the jars and S reas f^ e 
surfaces. Include other bottles as controls in which killed seeds have been 
put (Seeds may be killed by immersing them in 10 per cent formalin 
for a few hours.) After 24 hours, have students insert a glowing splint 
into each of the bottles. Does the glowing splint go out faster in any or 
the jars? Is there a difference in the amount of oxygen in the bottles con- 
taining living seeds when compared with the amount in the bottles o 
dead seeds? 

What process is going on in germinating seeds for which oxygen is 
needed? In summary, for what purpose do both plants and animals need 
oxygen? 

Production of Heat by Germinating Seeds. Students may devise a way 
to show that germinating seeds produce heat For example, they may fill 
a pint-sized thermos bottle part full of germinating seeds such as beans, 
peas, com grains, wheat, or oat seeds, letting them rest on a cushion of 
moist cotton. Then have the students insert a thermometer down into 
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the mass of seeds by pushing it through a one-holed stopper. Tliey may 
have to seal the thermometer in place with modeling clay and then tightly 
close the thermos bottle with this stopper (Fig. 4-2). Have students 
thought of preparing a control con- 
taining seedlings that have been billed 
in formalin? 

Ask students to e\plain the rise in 
temperature. (There may be a slight 
increase in the temperature of the con- 
trol also as a result of the generation 
of heat from bacterial decay.) What 
process is going on in these growing 
seedlings? What gas is used in the 
process? What gas is given off as 
waste? 

When thermos bottles are not avail- 
able, students may set up ordinary 
bottles in the same way. Then they 
may bury these bottles in a box of 
excelsior or sawdust. There may be a 
small loss of heat in this method, 
but effective differences should still 
prevail when the controls are com- 
pared with the experimental bottles. 

Production of Carbon Dioxide by 
Germinating Seeds. Prepare the appa- 
ratus shown in Fig. 4-3a. Have sh i- 



Fig. 4-2. Measuring heat produced 
by germinating seeds. 


den” SI color of .he bmmthymo. «- taj- 

yellow in the fesMube re- 

> r ed b,ue 

“ an indicator. 1, 

Tins technique might J ^ ^ bee „ pted m the constricted 
in place some germinating vvl|Cn the burette is inverted into 

end of a 100 cubic centimet -i„ m hvdroxide solution (Fig. 4-3b), 

a large test tube of saturated po as^ >j ,, 1C zero on the 
the level of the solution si i lon d]e with great care.) About 100 

burette. (The solution is corr • (or contacl with the seeds. The 
cubic centimeters of air shou PP a c01ltro l in which seeds 

burette should he closed. Student, m f > P students watch the 
are omitted or in which killed “ the „ v „ burette hibe, 

dilference In the level of ,>o.ass,.im_hy<ir0J.K e _ 

This will he a crude measure 


of the* carbon dioside evolved in respira- 


living things AND 

50 , . 

Hon, since potassium hydroxide absorbs the carbon 
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dioxide in the tube. 




Fie. 4-3- Devices used to show carbon dioxide given off by germinating sf^ds. 
(a) Watch the color change in the liquid in the test tube; (b) watch the iq 
level in the burette. 


4-3. What Happens When Seeds Grow 

Effect of Light on Growing Seedlings. Light seems necessary for the 
development of many of the supporting tissues as well as for photosyn- 
thesis. This may be shown in this way. Place several containers of go r ' 
minating seedlings of beans or peas or oats in the light and keep otn 
pots of seeds in the dark. After a week or more of this treatment, elicit 
from students an explanation of possible effects of light or lack of light 
on growth. How do they explain the yellowish, spindly plants and the 
long internodes? After a few days’ exposure to light, what happens to 
the yellow, etiolated plants? Can students explain why there are fe" 
seedlings growing in the floor of a dense forest cover? How do spring 
flowers manage to survive in the woods? If you can arrange a field trip 
at this season students may note the adaptation of these delicate plants 
to their environment. Flowering and reproduction occur before the heavy 
shade of forest trees develops. 

What is the advantage in survival value for a weed to germinate 
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ijuicUy? In germinating teeth, did students notice that some seedlings 
grew faster than others? b 

lerhaps this is also the time to show the film called riant Growth (En- 
cyclopaedia Britannica). or Seeds and How They Grow (William Cox 
Enterprises), 

Antibiotics and the Growth of Seedlings. Although scientists have not 
yet found the explanation for the results, students might experiment with 
the use of penicillin or vbvptjrmcin on the rate of growih of seedlings. 
Controls would of course be needed 

Pa 1 1 cm of Growth. The pattern of growth in three dimensions may be 
traced in the growth of roots, leaves, and stems of 
germinating seedlings. As seeds germinate, groups 
of students may mark the roots of the seedlings 
with iudia ink. Blot each root dry and place a ruler 
alongside It; mark off -inch lengths along the 
root with a toothpick dipped in the ink. You may 
want to show students how to make a graph of 
this growth. Then let the seeds continue to grow- 
and have the students plot their findings on a 
graph. 

Another committee of students might mark the 
shoots of seedlings with India ink in a similar way. 

Oat seedlings ore especially suitable for this work. 

Other committees of students may work with 
leaves, learning their growth pattern. Have them 
flatten a small leaf against a glass plate and mark 
off small rectangles with india ink (Fig. *1-1). 

Watch the change in the patterns of boxes each 
day. Other students might grow- similar marked 
plants under different colored lights or different conditions of moisture 
or atmospheric pressure, to study environmental effects on growth of 
plants. 



Fig. 4-4. Growth of 
a leaf. Notice the in- 
crease in size of the 
india-inkcd squares 
as the leaf grows. Is 
the growth uniform 9 


4*4. Propagation in Green Plants 

Tile Flower, a Reproductive Organ. Where possible, students should 
learn the parts of (lowers by studying living materials in the held. Plan a 
field trip around the school grounds, in a garden, meadow, or farm and 
examine the parts of flowers belonging to different families of plants. 
In the spring students may examine forsythia, some cherry varieties, mag- 
nolia. dandelions, and possibly some dowering dogwood and maples. 
Tins may also develop into a lesson on evolutionary changes in plant 
families, from the primitive magnolia to the composite, the dandelion. 
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7tuden«s may loam flat the colored parts of the dogwood arc modified 
leaves. Look for the cluster of small flowers in the f" - ^ ^ ^ 
Students may compare the number of stamens a P 1 ^ m muI . 

petals. They may lean, that flower parts om]T ' , it ing plants. 

Lies of these numbers, and that this forms one « ay of classtty g 1 
Some students may try to key out some plants _ (Sec. 4-9) ^ ^ 

Have students observe the pollen which rubs off on the h S’ 
magnifying glasses examine the surface of the anthers and » 

Use a few Dowers to show the ovary and the ovules within the O- 
Some students may try to germinate pollen grains; others may 
germinate seeds to show how any embryo plant develops (be . -)■ 

to return to examine these plants again when they have forme ' 

You may want at this time to show a film that traces the 
of a flower or the growth of a seed. Have you seen Flowers al V ork,trom 
Flcnver to Fruit, or Seed Dispersal (Encyclopaedia Britannica), or 


Vagabonds (Almanac)? •. 

You may want to compare reproduction in seed plants with r£P r 
tion by a conspicuous alternation of generation as in ferns. The » 
Ferns (Almanac), may be appropriate for this use. Indiana Universi 
has a film, Asexual Reproduction, that may be used for a comparison 


asexual means of propagation with sexual means. 

Germinating Pollen Grains. Some students may want to show pollen 
grains under the microscope for observation by the class. The)' may moun 
pollen grains of several different kinds of flowers in glycerin, water, or 
corn sirup, showing the different sculpturings that often are used in e 
identification of plants. A student may refer to R. P. Wodehouse, Pol cn 
Grains (McGraw-Hill Book Company, Inc., 1935). The class should knou 
that the motion they may see under the microscope is Brownian move- 
ment, a phenomenon in which molecules of the liquid bombard the ugn 


pollen grains. 

Pollen grains of spermatophytes usually germinate in a sucrose (cane 
sugar) solution ranging in concentration between 2 and 10 per cent- 
Some students may try a technique described by D. A. Johansen in Fhnt 
Microtechnique (McGraw-Hill Book Company, I ne., 1940). Boil 0.5 grams 
of agar in 25 cubic centimeters of tap water. To this add 1 gram of sugar- 
After this solution cools to about 35° C, add 0.5 grams of powdered gel a * 
tin and stir until this is melted. Place the solution on a hot plate or in a 
water bath at 25° C to keep it fluid. Make a thin smear of the solution 
on a clean slide and sprinkle it with pollen grains. When several slides 
are made they should be kept in a moist chamber; then the)' do not need 
to be mounted with cover slips. Prepare a moist chamber by laying the 
slides across small Syracuse dishes containing water and cover these with 
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a small bel! jar. Students should experience some success when they use 
pollen grains of a tulip, sw ect pea, lily, and daffodil. 

Plastic “Flowers” for Bees. Interested students might get in touch 
with the USDA laboratory at Tucson, Arizona, to learn about the plastic 
“flowers” from which bees sip sirup (Fig. 4-5). Experiments are being 
conducted in the hope of solving such agricultural problems as the pro- 
tection of bees against insecticides, the pollination of forage and fruit 
crops, and the finding of the correct location for beehives for honey pro- 
duction as well as pollination. 



Tucson. Arizona, laboratory of the 
Fig. 4-5. Bee culture speciahsb at ^ T . ^ ^ ^ from 

Agricultural Research S™ "* determine how much of the sugar 
this artificial flower so that in y j will make from 

solution bees w,ll take to the to. ”2o ) 

hive to "flower’ in any gwen period fUSUA pno , 

A rf T ctudv of heredity and reproduction. 

Artificial Pollination. As P« „ OOTrs or some similar plants 

some students may try to poll' ‘ , S , white-flowered begonia and 

In tills hybridization students migl't use a 

cross it with a red-flowered one , Iav0 students carefully open 

The flowers should be in the In 6 em „ a th sharp scissors, 

several flower buds and remove the P alcohol each time to 

Students should take eare to wash the sen 
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Lid carrying foreign pollen to new flower tads. Ncxi, cover these flower 
buds with small plastic bags until they arc to he 

When the pollen is ripe, that is, when pollen grains can be sc 
the anthers of those plants which arc to contribute the pollen in t I s 
demonstration, remove the anthers and touch them to the surfaces of d 
stigmas on the flowers, which have been covered all this time. Q y 
cover the flowers again and watch for the formation of seeds. 

The seeds may be saved and planted in flats, and the hybrid plant 
should grow to produce the next generation. How do they compare 1 

appearance with the parent plant? t 

Law of Segregation. Although the actual crossing of two plants, e 
hybrid for a trait such as height of plants, color of leaves in com, or 
color of stems in sorghum, is usually not possible in class or even in a 
school greenhouse, students may grow the seeds resulting from such ex- 
perimental crossings. . . t 

Seeds are available for purchase from many experimental agricultu 
stations, biological supply houses (Sec. 18-3), or college laboratories. 
After the seeds are soaked, they may be planted in paper cups of mois 
sand or soil, or in small flower pots. When students plant the seeds re- 
sulting from a cross of two hybrids, they should be able to count a 1-2: 
ratio or a 3:1 ratio when large numbers of seeds are planted. This ratio 
illustrates Mendel’s law of segregation, which states that when two plants 
(hybrid for a trait) are crossed, this given inherited trait appears in the 
offspring in a double dose (pure) in 25 per cent of the cases; in 50 per 
cent of the offspring the trait is hybrid; in 25 per cent of the cases the 
recessive trait appears. 

Hybrid Com and Soil Conservation. The discovery of how to produce 
hybrid com does not seem, at first glance, to have any particular relation 
to soil conservation. However, with an estimated increase in yield of 20 
per cent for the United States as a result of the use of the hybrid variety, 
more com can be produced on fewer acres, the poorer land can be retired 
to grass and tree crops, and more of the row crops can be rotated with 
grass and legumes. This would mean the better control of soil erosion 
and the increased fertility of the land. Acreage allotments and the soil 
bank were designed with these ends in view. Dr. D. F. Jones, the man 
who discovered how to produce the hybrid com, has not usually been 


thought of as a conservationist, but actually he is one of first rank. 

Vegetative Propagation. Students may recall from their experience the 
ways in which new plants may be grown without using seeds. In fact, 
they may bring examples of plants that illustrate the many kinds of vege- 
tative propagation. In class or at home they may plant a leaf, a stem, or a 
root in a jar of water or moist sand. When some specimens are planted in 
the classroom students may watch their growth into new plants as the 
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weeks go by. Since the genetic contents of the plants have not been 
changed, the new plants are similar, barring mutation, in color, quality, 
and other specific hereditary traits. Here are some examples of plants 
that students may prepare w itl> success. 

?7/hm. Immerse a pm ui a « lute potato with two or three buds 
( eyes ) in water in a jar Use toothpicks to present its slipping down 
farther into the water Also tn dahlia tubers 

Bulbs. Similarly, place an omen, daffodil, amarxllis or narcissus bulb 
in water or wet sand. 


Fleshy Boots. Sweet potatoes, carrots, beets, or radishes may be pre- 
pared in water the same way Watch how new shoots and young roots 
grow from the old storage root. 

Rhizomes. Transplant SoJomon's-scal, snake plants, Bermuda grass, or 
ferns in soil. Then have students look for new shoots arising from the 
underground storage stems. 

Runners. Some aquarium plants such as Vnllisncria may be used to 
show how horizontal stems touch the soil or sand and new shoots arise 
from the buried tip. These plants root easily and spread quickly in an 
aquarium tank. Spider plants (Anthcrlcum /dingo), or strawberry plants 
collected in season may be used also. Strawberry runners may be dried 
on cardboard, fastened with wire, and maintained for use throughout 
the year. 

Stem Cuttings. Cuttings which include several nodes may be made of 
geranium, begonia, coleus, willow, pussy willow, tradescantia or forsythia. 
These should be put into wafer or moist sand until new roots grow. Then 
they may be planted in pots of light soil (three parts loam, one part sand, 


and one part humus). 

Leaf Cuttings. Spread a leaf of a Enjophyltum plant upon moist sand 
and cover it with a square of glass so 
that the leaf touches the sand. Watch ajX Tomato soon 
for the appearance of new plants in 
the notches of the leaves. Plant a 
2-inch section of a Sanseeterin leaf 
upright about an inch deep in moist 
sand. Also, try sedum and pepper- 
onia. 

Grafting. Successful grafts may be 
made using two geranium plants, a 

potato plant and a tomato plant, or Fig . 4-6. A stem graft: Fit the cut 
two cactus plants. Wbilc-Hosvering sown to tho tooted stock, 
geranium scions may be ffafted loimto p]jnl may (urnisll 

to red-flowering geranium *»*■ 8^ ^ t|l[; simpks , graft, a 

healthy scions to graft onto a pot 
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What is the advantage to the plant in reproduction by v egetativ e met 
ods? What is the advantage to man? How does man propaga e 
variation which seems favorable, such as a larger-sized fruit or a scea 
less fruit? What would be the disadvantage to the plant if ' e g 
propagation were its only means of reproduction? 


4-5. Propagation in Dependent Plants 

Growing Bacteria. Students may start this experiment with three cov- 
ered dishes partly filled with an agar gel (Sec. 18-ln). One dish may be 
opened and exposed to the air for several minutes before being closed. 
The second may be opened and a drop of water added before closing. To 
the third may be added a pinch of dust. All three dishes should be kept 
in a dark, warm place. Students may watch for colonies of bacteria. Stu- 
dents may report on the role of bacteria in the web of life. 

Fungi and Conservation. Fungi are vitally connected with conserva- 
tion. Man is continually fighting those that threaten him, his crops, his 
forests. On the other hand, certain fungi are essential to man’s existence. 

Spore Formation. What derices has a plant such as a fungus for effec- 
tively disseminating its spores? In general students are more familiar with 
seeds and their dispersal (Sec. 9-4). Students may bring to class speci- 
mens of bread molds (Sec. 3-16) or other molds growing on foods or 
leather, molds of wheat, rust, corn smut, or mushrooms and puffballs. 

If your students can find a puffball, they may let it dr)'. Afterwards, 
the puffball may be squeezed and the clouds of countless spores observed. 

Mount a bit of mold (or shake spores from a puffball into a drop of 
glycerin on a clean slide). After the spores have been examined under 
the microscope elicit from students the conditions needed for their growth. 
How do tlie fungi get their food (Sec. 3-17), since they cannot make 
their own? How do spores compare with seeds? What are the chances of 
variability among the offspring that develop from spores as compared 
with plants that grow from seeds (Sec. 4-9)? Students may report on the 
role of fungi in the decay of leaves in a forest They may want to refer 
to Soils and Men, the USDA Yearbook (1938). 

Making a Spore Print. Students may lay the umbrella-shaped cap of a 
mushroom right side up on a sheet of white paper. The cap should be 
coxered for several hours with a bowl or glass tumbler to keep out the 
air. When the cover is removed and the mushroom cap lifted straight 
up, your students may note the pattern made by spores that have fallen 
from the mushroom. What does the pattern indicate? 
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Budding in Yeast Cells. How do plant cells w Inch lack chlorophyll live 
mid reproduce themselves? A demonstration of living, rapidly reproduc- 
fng )east cells may be examined under the microscope. This may he part 
of a class study of reproduction by asexual methods, or of fermentation 
or a step in food chains and interrelationships among living things 

Students should prepare a culture by adding a hit of dried jeast to a 
small quantity of molasses which has been diluted with an equal volume 
of water. After the solution has Itcen in a warm place for a few hours, 
mount a drop on a dean slide and examine it under the microscope! 
Under high power, students should find cells with buds, in fact, many 
cells clinging together forming a colony. A student might report on how 
yeast cells aid in wine making (Sec. 8-10, Alcohol from Sugar) or in 
breadmaking. Dough may be prepared from Hour and water and placed 
in two containers. The dough in one container should have been mixed 
with yeast dissolved in Mater. Keep both containers in a warm place. 
What causes the increase in volume in one container of dough? 

4-6. Controlling Plant Growth 


Growth Regulators. There may be time for an extended study of the 
role of hormones in the life processes and growth of plants. Here are some 
experiments that might be tried. 

Effect of Leaves on the Cron th of Cuttings. Students may select some 
healthy cuttings of coleus, geranium, or other herbaceous plants. These 
shou/d possess several internodes. Have students remove all the leases 
from some cuttings; in other cuttings, remove only the lower leaves. Stu- 
dents might also try removing the terminal buds and growing tips in still 
other cuttings. Then plant all these cuttings in moist sand and keep them 
at the same temperature. Over the next few weeks what changes are 
evident? What may be the role of leaves in relation to growth of roots? 
Compare these regulators with hormones in the animal body. 

How docs a knowledge of these growth hormones explain the bending 
of leaves and stems toward light, i.e., phototropism (Sec. 3-15)? Some 
student might use a recent botany text for a report to the class about plant 


hormones. 

Root-promoting Hormones. Students may try many erpertments irlmg 
growth-promoting hormones of plants. You may want to demonstrate this 
in class and ash for emanations later or have students cany on projects 


First prepare Bower pots in the following manner. Plug four small pot- 
ous nots P with cork and insert one each into larger flower po s that arc 
DIM with moist sand. The smaller pots, filled nth svater. will keep the 


Select four cuttings 


of begonia, coleus, geranium, or willow plants 
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about 4 to 6 inches long. Dip the ends in water and then insert the wet 
ends of two of the plants into a powder containing a growth hormone. 
Hormodin, containing indolebut)Tic acid, Rootone, and Auxilin are only 
three among many trade products. Then shake the two twigs to remove 
the excess powder. Plant the four cuttings, the treated and untreated, in 
the separate, large flower pots of moist sand. Have students examine the 
cuttings after two or three weeks. They may also try' cuttings of plants 
difficult to root such as yew, holly, and some kinds of privet. 

Some students may look into the chapter. Plant Growth Regulators, in 
Science in Farming, the USD A Yearbook for 1943-1947 (pp. 256-266). 

Jack-and-the-beanUalk Plants. Perhaps your students have read of the 
phenomenal growth of plants caused by the chemical, gibberellic acid 
(Fig. 4-7). Compounds containing this acid are now on the market and 



F'g. 4;. Both gloxinia plants were planted at the same time. The difference 
m grout I :s due to the plant growth stimulator called gibrcl. Spray was ap- 
plted to the plant on the left when the buds began to show. (Merck ir Com- 


cm lx: found in almost any store that sells garden supplies under such 
trade names as Plan.-shoot, Miracell, Spurt, Plantstim Boostaba, Tri-o- 
iT\Wt C t n r- ' 5 .° U ’ll™ tr .° uble findin S a ">' of lhesc . >'™ might write 

tained in ti " ’ 18 ‘ 3) ' f °' their P Ioducl g'brc), which is con- 

tatned In the commercial growth stimulants. 

from ortL am0 ', mlS -u f subs,anccs from cocoanut milt, as well as 

Z? m ‘t • °" iuns u and p0ta,0CS - «*"> *° have a stimu- 
riicct on plant growth. Still other chemicals extracted from nut 


REPRODUCTION' AND GROWTH OF LIVING THINGS 59 

Thk’i,^ T°” s aml P 010 ' 1 ™- sme “ growth inhibitors. 

This is an area of research m which your students might participate, 

reproduction and growth of animals 
4-7. Insects: A Study in Life Cjcles 


Insects have tremendous significance to conservation, both in the help 
they give and in the harm they do to other living things. 

A statement like the above might start your students on a search for 
various kinds of beneficial insects (predators, scavengers, reducers of or- 
ganic material, pollinators) and lunnful ones (crop and tree destroyers, 
disease carriers, destroyers of grain and u ood products, annoyers of man 
and animal). 

In order to control insect pests, scientists need to study the life cycles 
of these insects. 


Breeding Fruit Flies. The fruit fly is an excellent animal with which 
to study life cycles and heredity (Sec. 4-10), because many generations 
can be produced in a short time, each generation requiring only 10 to 14 
days to develop. 

Wild fruit Bics can be collected, or they can be bought from some bio- 
logical supply houses or from the Carnegie institution, Washington, D.C. 

Here is a simple technique for the breeding of fruit flies in small rials 
containing food: 

Students may prepare a commeal-agar formula (Sec. 18-li) or a ba- 
nana mash. This should be streaked along the length of several dean 
slides and inserted into separate rials which can be covered with cotton 
after the Bics have been introduced. These slides may be removed to 
examine eggs and larvae under the microscope, although a hand lens 
is adequate. Over a period of two weeks (at room temperature) the next 


generation of flics should appear. 

If you wish to prepare regular stock cultures of Drosophila, this should 
be done in half-pint bottles (Fig. 4-8) containing food and agar. 1 

Life Cycle of a Fruit Fly: Complete Metamorphosis. Fruit flies pro- 
duce eggs that can be examined by students for a study of the entire 
metamorphosis — egg, larva, pupa, and adult By. These stages can be 
studied with the aid of hand lenses. 

You may want to compare the development of a fruit By showing com- 
plete metamorphosis with that of the praying mantis or grasshopper, 
which has an incomplete metamorrhos.s-e g g, nymph, adult- 

What advantage is them in brewing the stages rn the lrfe hntory of an 
insect? What are some ways man keeps insect pests rn cheek? What are 


■M. Dvmerec „„,1 B. P. 4ll > «> • 

tution, Washington. D.C., 1845. 



CO 

checks and balances in 


UVKC things and ram ENnBOSsnNT 
nature? How does man often interfere with the 



for flics. 


This is an admirable time for a film since the complete life history o 
an insect can be viewed all at one time. Have students seen Bee City 
(Almanac), Tour Encmtj: Grasshopper (available through state univer- 
sities from the USDA), or Life Cycle of the Mosquito (Young America)? 


4-8. A Study of Vertebrate Animals 

Study of the vertebrates should increase the student’s understanding of 
the interrelationships and interdependencies of all living things. 

Frogs’ Eggs and Sperms. To leam something of the vast number o 
sperms and eggs that a (rag produces, students may dissect freshly killed 
frogs. In season the)’ may collect these amphibians on Geld trips to nearby 
lakes or ponds. In the laboratory' the frogs may be kept for short periods 
of time in a terrarium in which a pan of water is placed. 

The frogs should be pithed in preparation for dissection, or they may 
Ik? placed in a closed container with a wad of cotton soaked in chloroform 
(or ether). 

Students may follow directions in a laboratory manual for dissecting 
animals. In general, the ventral surface of the animal is cut, exposing the 
underlying muscle layers, which must also be cut so that the internal 
organs become visible. In a female, the two ovaries often occupy most of 
the alxlominal region, while in the male frog the testes are two small 
organs which lie near the kidneys. 

Several students may prepare wet mounts of living sperm cells for all 
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tlie students to examine under the microscope. In tins way they may 
learn how small and how numerous sperm cells are in relation to the size 
and number of eggs produced by the female. This is a way to prepare 
such a wet mount: 


In a small container such as a Syracuse dish, crush one testis of a 
freshly hilled frog in physiological salt solution (Sec. lS-lf ) or aquarium 
water. Use a scalpel and dissecting needles. Let this stand for a few 
minutes so that the sperm cells become active, for they are immobile in 
the testis. Use a medicine dropper to transfer a drop of tliis sperm sus- 
pension onto several clean slides and have students find the cells under 
the low and liigh power. Usually the cells need to he stained to see the 
tail or flagellum; this may be done by adding methylene blue stain (Sec. 
lS-lp); however, tin's stain kills the cells. 

What material does a sperm cell contribute to the next generation? 
What does the egg contribute? What defenses do frogs have to avoid 


extinction in the web of life? . . „ 

Frogs and Their Parasites. While the dissection of a freshly killed frog 
is an exciting experience in itself, the frog is excellent material to show 
some parasite-host relationships. The frog is host to many paras.tes Aa 
provide a wealth of living material tor .tody. For mrtance. have shident 
examine the longs in strong light Can they find ^'Uvoms? Th^y ma, 
mount lung tissue on a slide in a drop of phys.olog.eal salt solution and 
tease it apart with dissecting needles. Then examine under low power of 


wSSSSSSES 

sitic since it also takes in solid P the parasitic forms in dif- 

frogs S, different ecological 

s Frogs’ Eg,. M 

spring, students may come £ Jg, aquar iums where they may 
These may he kept in fing an( j ] iatc ], j nt0 tadpoles, 

he studied over weeks as *^ d '' ‘j 10 „ k | be f„I chopped hard-boiled 

When tadpoles are avail. . y ^ aquarium plants m the 

a szi-iiis - “ 

Tiich stage the «***%£ 
vulnerable stage? How have them e^ p 
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“„» s 

What' fonos of life hold amphibians in check. shore 

.lasrstti jsnrij— jjs 
^t«sv , f.‘ , isa - s£5 

CRRS will not dry out too much. As soon as he little turtles I 

them in a terrarium containing soil, water, and paring P a"U- 
Living Chicken or Pigeon Embryos. You may wash to . 
hen’s or pigeon s eggs develop into chicks in the classroom. y 



Fis- 4-9. Cross section of a fertilized chicken egg. (By permission from 
Mat or. General Biology, 3d cd. ( The Macmillan Company, Sew York, JiHM 


fertilized eggs at a chicken farm. Eggs cannot be stored in the laboratory 
before incubation unless temperatures around 50 9 F (10 to 15°C) arc 
obtainable. 

break an egg at the start of the experiment (Fig. 4-9). What is the 
function of the shell? Note the whitish spot on the yolk where the embryo 
will develop. What part do the yolk and the white play as the embryo 
develops? 

Humidity and temperature must be rigidly controlled when the egg* 
arc incubated. In an incubator a temperature of lOCPF is needed. Students 
might calculate the degrees Centigrade (Sec. 18-2). Insert the bulb of a 
thermometer at the level of the eggs when you take a temperature reading, 
since there may be a difference of as much as 10 degrees in parts of the 
inmlutnr Pam of water should l>c included in the incubator so that the 
do not dry out. Students should not wash the eggs since this would 
rrtTwvr tit** protective film that reduces the chances of bacterial infection- 
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Students should be sure to turn the eggs each day to prevent the adhesion 
of membranes. There are two tunes you may expect a high mortality: 
when the embryos arc 3 to 4 days old, and again just before hatching time. 

Eggs that have been incubated for some 36 hours or more are the 
easiest to examine. Remove an egg from the incubator and hold it in one 
position for a few moments so that the heavier yolk sinks to the bottom 
and the developing embryo rotates to the surface. Now crack the egg on 
the edge of a finger bowl containing slightly warmed physiological salt 
solution (Sec. 18-1 1). (Finger bowls of solution may be put in the incu- 
bator beforehand to reach just the right temperature.) The contents of 
the egg should be allowed to float into the saline solution so that the 
embryo is submerged by the liquid. Watch how the chick blastoderm, 
the beginning chick embryo, rotates to the top. When the embryos are 
older and more developed, you may have to pull the embryo portion 
around to the surface for examination. 

With a band lens or a binocular microscope students should be able to 
trace the development of the heart and Wood vessels and the consp.eooos 
brain formation. When the embryo is aboot 40 to 50 hours old the heart- 
beat may ho seen; in fact, complete circulation of blood may be observed 
over the surface of the yolk. Watch the development of the embryo. On 
the twenty-first day the chick will peek its nay out of he shelL 

The chick need not be fed at once as it has enough food s ored tan 
the egg yolk to last for 48 hours. Keep t warm, and In 2 days rt w ill be 
an active little chick, ready to feed itself. . .. bi d 0 _ am . 

Some students may want to compare development in the bud^or am 


borne students m y embryo of a mammal. Students may 

phibian with the *v*pmemo be purchased from a sup- 

dissect a white rat o the uterus^ J cmbryM , and 

ply bouse (Sec. 18-3). In tneue lacenta an d the amnion, 

dents may examine the arrange P ^ rc]aUve number 0 f eggs 

Perhaps this is the opportunity ^ ]e how do birds and 

produced by all ^ J J given vicinity when they produce 

rr “if and amp ” ib,ans 

not multiply beyond help students to gain increas- 

Ecological '■““^^tionship binding all living things in a web 


ing awareness 
of life.” 


VARIATIONS IN LIVING THINGS ^ fcy Nations in help 

vmphasis may ' ven b ' s °," es and to fiourish in a given environ, 
living things to adapt 


ing 

ment. 
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aquatic plant Ranunculus fluitans has brrad lea\ es^vhMl JJ! *J| ^ ^ 
bat develops filamentous leaves when growing in marigold 

deeply cleft leaves of the lower submerged^ "J ™^ wa . 
Bi dens beckii, while farther up on t e s era P • . j Sagitarria 

students hnow how etiolated 



Fig. 4*10. Variations due to environment, (a) Plant grown in moist atmos 
phere; (b) plant grown in dry atmosphere. 

seedlings look after growth in tire dark (Sec. 3-15)? They may now exam- 
ine the effect of the moisture-saturated atmosphere on the growtn 
herbaceous plants. Students may grow dandelion plants, Scmpcrvicu ^ 
or similar plants in a moist terrarium (Sec. 9-5) or under a bell jar ^ 
which a wet sponge has been inserted. You may want to remind e ? , 
to provide for controls with normal conditions of moisture and with 0 
conditions (Fig. 4-10). They may get a dry atmosphere by adding a 
of calcium chloride under the bell jar. Or they may add a container ^ 
concentrated sulfuric acid, but they should exercise more caution in 1 
case. j 

After weeks of growth students may observe the long intemodes an 
broad leaves of those plants grown in moisture, while in the dry con 
tion the leaf blades should be smaller and the intemodes shorter so th a 
the plants are not so tall. At times you may find that dandelion lea'® 5 
grown in moist conditions may be some 60 centimeters long while 1 1 
"average" leaves under normal conditions may be about 15 centimeters 
long. Look for the thin cuticle on S empervivum and its long, spiod y 
appearance when grown in moist air. 
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Variations with a Species. While students may leam that similarities 
exist among different members of the same families of plants or between 
members of different phyla, they probably wonder about the differences 
too. 

Are two peas in a pod alike? Are two snail shells? Students might col- 
lect large numbers of mollusk shells of one species at a beach at low tide. 
Can they find specimens of jingle shells, scallop shells, or oyster or mussel 
shells? 

Other students might collect many leaves from one tree, or collect 
cones from one tree, or even bring a pound of pea pods to school. Some 



might examine . 6-inch sguarc of clove, and study h "" °" d 

"Teach case described, 

the width of leaves, or the colon g ^ ° p rcparc a chart of 
plan a display indicating the ' i ’ 441) or use IUlcr mounts 

test tubes indicating different .0 dark, or no stria, ion, 

showing gradations in color 0 , . .i icse variations within mem- 

to many striping*. Have students crplarn these 

hers of the same species. lOuanlitativc). Suppose jou ask the 

Variations among Human Bci S cJjss ,| avc |l,o rest of the class 
hoys of a given age group to stausi p „„ , « j„ that age poop, 
record as a graph the wnght and he ^ qI , 3I1 „ uti . c traits among 
Does the lasv of normal dis needles or mollusl shells, 

boys and girls as well as '™'™S*,1heTndinp might be If .her- could 
Students may try to predict 
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plot on a giapli the IQ of all the ^ 

Compare these quantitative vanati 1 paragraph. At this time 

ability to taste PTC E ^ onmCT( (Coro- 


you may also want to show the film. 


net). 


Variations among 


Human Beings 


(Qualitative). While many wrfations 


in human beings as well as in plants and — ' — * ave 

called continuous or quantitative venations, there are some q 
variations which students may investigate among themse . JT 
they try this. Have schoolmates taste a small bit of FTC P a P® v 
three out of ten persons it is tasteless.) It is better to give no p 
indication of what the anticipated results might be. Stolen y Y 
the number of people who can taste the paper and also n “” e , h 
those who taste nothing unusual. When this is done on a larg > 

should find a larger number of tasters than nontasters since 
to taste something sour, bitter, or salty is a dominant. hat 

Now suppose this chemical possessed some land of survival val , 
changes might occur in the population? , 

From their knowledge of variations and how they affect cliang . 
dents may be able to describe how a trait might he spread among 
population and also how a difference might appear in a species o p 
or animal in time. . j 

Classifying Plants and Animals. To create order out of the my 
forms of plant and animal life, man has learned to arrange them in ca c 
gorics and further subdivisions. , 

In discussing with students the need for order and the usefulness o 
classification, you may want to draw on their own experience. Pernap 
there is a stamp collector in the group. He might explain how stamps are 
arranged by countries, years, special issues, etc. 

Students might try to put certain plants or animals into broad cate 
gorics and then into smaller groups. 

Using a Key. Students, trying to sharpen their perception, might gp 
out of doors to leam the nature and uses of a key in classifying and identi 
tying plants or animals. 

By beginning to pair off single obvious characteristics, students may gp 
- - - - ... kmW 


on to observe finer and finer differences. Thus they may begin to 


their own simplified keys. Pocket Geld guides to trees, shrubs, wild flo"' 
its, insects, vertebrates, etc., are readily available and should become 
increasingly valuable as students learn to use them. 

’This paper may Ik* purchased from Hie American Cenctic Association, 

M Street N \\ ., Washington, DC. The chemical with which the paper has 
impregnated ii phcnjbthkwaihamide. 
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4-10. The Role of Heredity 

An understanding of heredity is fundamental to propagating and 
breeding practices: Growing stronger and healthier plants and animals 
has an intimate bearing on conservation. 

Genetics with Cumdrops. Genes may be represented with gumdrops. 
Toothpicks may be used to combine the genes into chromosomes (Fig 
4-12). These "gumdrop” chromosomes are useful m illustrating hybrids 
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as hemlock, spruce, pine, and arbor vitae. Ask the class why they.are 
so similar. What docs it mean when the differ cnees appear later on. 

The same work may be done with seeds that sprout faster. For instance, 
use seeds of monocotyledons such as com, wheat, rye, oats, barley, and 
bluegrass. Observe the similarities in the first leaves. Or use dicot seeds, 
such as mustard, radish, lettuce, marigold, pepper, and tomato. 

Common Ancestry among Animals. First show students how similar 
the development of members of one phylum is during the early stages. 
For example, students may study the developing egg masses of hogs, 
toads, and salamanders (Sec. 4-8). Why is the development so similar. 

Then students might observe the development of many eggs: eggs of 
fish, eggs of birds, or some invertebrate eggs. These may be actual first- 
hand experiences, or this may be a time to trace full development through 
a film that tells a complete story. You may want to show Life Cycle of 
the Frog (United World), Life Cycle of a Troitt (United World), Swrt* 
fish (Encyclopaedia Britannica), Miracle of Life (fertilization, cell divi- 
sion) (Almanac), Development of the Chick (United World), Story of 
Human Reproduction (McGraw-Hill), or Human Development (Bray). 

How can wc account for the similarities among the early stages of eggs 
of many different vertebrates and invertebrates? 


4-11. The Role of Environment 


Overproduction in Plants. Can you recall the number of seeds in the 
head of one sunflower? Or the number of seeds in a milkweed pod? 
Students might collect pine cones, pods of milkweeds, or clusters of seeds 
of Aikinfhus, or pods of shepherd’s purse. Each cone or pod might be put 
into an individual envelope. In class students may count the seeds as the 
cones or pods open. 

In May count the seeds dropped from any seed tree like maple. Discuss 
the chances of survival. Also in May, look for new maple trees. They can 
he found growing in curbs where a little soil has collected, in broken 
street cracks, etc. Continue over a period to measure their rate of growth 
and note when they die. What makes them die? 

What arc the chances for each seed to survive? What devices to pre- 
vent overcrowding do many seeds have? Elicit from students a descrip' 
tion of the role of variations among seedlings and plants (Sec. 4-9) in 
aiding them to establish themselves as fit, or adapted to a civcn environ- 
ment. b 


KETcds or Overcrowding or Seedling,. Knowing that plants and animals 
produce large numlxrrs of seeds, of spores, of eggs and sperms, students 
ma; wonder wli at happens when many seeds, for example, fall in one area. 

As a project at home or in school students may gross- seedlings in many 
tontamers ol the same sire with this one difference. In one box plant ten 
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seeds of the same kind, in another plant twenty seeds, in a third hot 
plant thirty seeds, and so on. Also, hate students plan to put ten teeth of 
mixed kinds such as beans, oats, radish, or corn grains into one hot; in 
another box plant twenty seeds of different kinds together, and so on. All 
the botes should be given the same conditions of temperature, water, 
liglit, and similar kinds of soil Winch seedlings germinale most rapidly? 
Within any one kind of seeds, are there seedlings that grow faster than 
others? Draw explanations from students as to which factors are due tn 
heredity and which are probably due to environmental conditions. Which 
traits or factors have survival value for the intin ideal plant? What dex ices 
do plants have for spreading their seeds? Students should lie able to list 
several means of dispersal and collect specimens to show these devices 
At other times, you may want to vary this exercise by having students 
plant fifty seeds in each of sesetal 2-incl, dosser pots and fifty seeds ,n 
each of several 4-inch flower pots. Those demonstration, reseal variations 
in heredity and also the selective action of the environment. 

Effects of Overcrowding in Flies. Students may plan a demonstration 
nsfng fn.it I.” after thc/have dismssed the resnlno , he . emon, , • 

lions svith seedlings. Students may obtain nM* “ r t ' ,7v mas- 
pared from a college laboratory or biologiol supfl F f " ,c > m 5 

prepare the eoltore medium d«er,bed ... ,Ss and abo half. 

A simple demonstration into Ives ^ fa . t 0) . xx-itls 

pint bottles and quart-sized bo o( TOn ,a|„ m introduce four 

a little yeast sprinkled over it. Into ot each 

pairs of r:«-ksand 2 months. Hi™ «<d 

sized container at the end ot - . . 

to be anesthetized v „„ ra „ obtain an egg mass of 

Overcrowding in Prajing < » Sec JS-3). place it in a small 

praying mantes (they m.»y P« ^ Aj ’ (he nymp hs latch out, provide 
terrarium and keep it in a P • • u . a( ' cr ^ t j, a sponge inserted 

a source of water by putting a muinhs grow, students may pro- 

halfway down the vial into the tank. As nymp g 
vide them with fruit flies. .Wcascs in the population of praying 

Students may observe the >J™ o[ „ v „crouxl.ng otes.r When 'be 
mantes as cannibalism and otl ^ 3 park or garden, for tires 

experiment is over, the mantes mas ho 

are helpful insects. feasible to visit a fid' hatchery. irt * 

Ovcrproductioa in Fish- Is > hose egg, are stripped ftien 

sueii aTcld trip is planned- s '“’™ , mis- learn hose these Iff- 

the female fish (Fig. 4-13 thw *£ lusc a Utter chance for 

tilized eggs arc incubated. ' . 
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enemies of Esh fr\ in their natural enemies were 

2^-^ , 0 42S- £ - — - ^ ote pbnu 

and animals in llie streams 


m 




Fig. 4-13. Taking trout spawn at a fish trap. The spawn \vQ\ be 

taken to a fish cultural station at Yellowstone Park. ( Courtesy of E. P ■ noaa 

US. Fish and Wildlife Service.) 


In a fish hatcher)', control of population is one of the most importan 
management practices. This is because overcrowding produces stun 
growth and loss of the fish crop. 

Overcrowding of Human Beings. This might be the time to discuss 
with your class what happens when human beings must live and gt°' 
in overcrowded areas. Students will have plenty of examples of P°P^ 
lation pressures in our large and even in small cities — example* 0 
schools “bursting at the seams,” jammed traffic, poor living conditions- 
How about obtaining the film, Baltimore Plan (Encyclopaedia Brit 311 
nica), to show what one community did to solve Its slum problem - 
You might also ask your students to project their thoughts to the 
end of the century, when it is estimated that the world population p 
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2% billion will have doubled Dn we ol today have any responsibility 
for the possible problems of the year 2000 J 

Population growth is a vital conservation problem and one that will 
seem real to students, particularly in crowded urban areas. Here is an 
opportunity to point up the effects of the pressure of an expanding popu- 
lation on our resource base. What kinds of solution might be sought? 

Other Environmental Factors. You may want to discuss with jour 
students other environmental factors such as lack of sunlight (See. 3-6), 
or lack of nutrients (Secs 8-8 to 8-12), or change of habitat (Sec. 4-9). 
Students will gain a greater understanding of the role of environment 
as they become acquainted with the various kinds of biotic communities 
(Secs. 5-3 to 5-8). 

As students learn the relations of migration, invasion, competition, 
and survival in the process of ecological succession, they may see that 
many conservation practices are based upon the applications of the 
principles of ecology. 


4-12. Interaction of Heredity and Environment 

In Green Plants. In advance n! this lesson students might pow seeds 
in the dark. They should notice that ■*'°‘”P h y" j’n'f L ” 
the dark liemove some of the containers of seedlings into the light. 

W Since^the V plarits devek^chlorophyll in ^(o^ever^hght 0 is^also 

operating in a spec, fie environment. d examine the pro. 

How Have Adaptations Developed. Stadents^m ^ ^ 

teclive coloration and fchfnnd mammals against the variety 

color patterns of birds, ampl , ec , mira , spccial adaptations 

of environmental conditions. / V j fruits, explosive fruits, 
of plants soda as spines, thick 

and winged seeds. How may t e l’ (| tion , t ),a, special animals 
Students may want to describe P ^ „ le liwIs o[ tooth in 

have in order to obtain their , man> . mo re animals, as 

mammals, the beaks of birds, shape. Have they seen the 

well as examples of camouflage m p nn( f Co } pr Matching 

films called Carnot^ ? 

and Through Pattern Matching '\ tcd ant | wliicli dararterirt.es 

After a discussion of how yo|1 maV „ an t to lead into 

are fortuitous yet phy Il ** Ie P®. ■ interrelationships in time as wcl 

the changes that have tal J n .^ a “ mironnJ ent Jus changed in time, ho« 
ns in geographic regiom-^te ^ ^ ^ a given env„o„. 

have plants and animals 
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r, ? “ s = 

£i—cr s:: - — 

^ eCie5 ^tel ,0 g-p”Sen.s may prepare reports to to 

Z on the history of *"* ££££. *** 

English sparrow, tussock mrt , I P tatroduced int0 a new area. 

s^bsxisszsr. 

i r "caic desailmd? In what other ways may the balance m natnr 

te ,nTno£ C l«-n. * second committee of students might rqiort on 
library^ research of ways in which man meddles with and upsets 


their library researen ox ways m wiuu. 

*Have“rt^dra“^rt on the effects of these common P«dices^t 
(ol cutting down trees indiscriminately; (b) overgrazing 
?c) overcultivating land; (d) offering bounties for killing oenc^ 
hawks or other wildlife; (c) polluting rivers and streams with sewag 


factory waste. . .1 pg. 

How can man correct the harm resulting from these practices 
store balanced interrelationships among plants and animals? 



5 

Water Masses 
and Living Things 


Wien students understand svhal it is that makes a healthy community 
of living tilings, they will bo on their way to a greater appreciation of 
the problems of maintaining a balance in th ®. [ t | )e ir ^ter 
is concerned with the relationship of some living dungs to then water 

habitats (aquariums, streams ponds lakesy mincra l resources 

There is a section, too, on the sea— its teeming dwindle, 

.and the “mining" of them. As rcs ^ r ^ s ° pl o xe d, undeveloped, and 
scientists turn more and more to the vast, unexpior 
seemingly inexhaustible riches of the sea. 

A STUDY OF BIOTIC COMMUNITIES 

without other living thing . _ which they are a part, 

a variety of factors in the cnyironm major communities of 

You may want to begin this study of bmmes,^ ^ ^ ^ 

living things, with a ^aquarium in the classroom (See. 

times you may want to star 

5-9). . rpnresent a lake, or an ocean, can 

If we expand the aquam™ J° c f, Lbably exist in the lake or the 
students describe food cha organism disappeared, 

ocean? What might happen if one U J { ^ a . 3) . It might be a 
You may do the same wdh a ^ ^ ^ ^ms might 
swampy area, or a fores t door^or ^ 
occupy each as a commu y 
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What succession of living things miglit you «pccUo fin^ ^ ))umcd . 

^ "°' M inVad ° S ” C ” 8 


region? 


IZt adaptations for survival in these ^ t 

have? What are some of their features winch play no part 

S "ightL a time to show the films. The and This 

Vital Earth, produced by The Conservation Foundation, or I/O m 
Protects Animals. All these films are distributed by Enjc^opa^a 
niea The Soil Conservation Service and the Fish and Wildlife sc 
provide many free films that you may obtain for the price o p g 
(Sec. 19-10). 


5-2. Field Trips 

Field trips do not need to be long or distant to be meaningful, omc- 
times the most successful arc those of a few minutes duration g 
the school grounds, to seek the answer to a single question or to 
one object or phenomenon. 

In planning any kind of a field trip these suggestions may pro 

Advance Preparation for the Trip. Each trip should have a 
abjective and it is wise for the teacher to pay a visit to <he 0 . 
beforehand. Flans ought to be carefully formulated with the class 
advance of the trip, so that students will not only understand the purp 
of the trip but will know details of departure and return time, ap 
propriatc clothing, equipment needed, and safety precautions. 

Conducting the Trip. Comments on observations should be simple an 
adapted to the group level. Questions are of course to be encourag » 
and the answers “taught” rather than “told ” by further exploration an^ 
discovery. Be sure that important points are often repeated or stress^ 
in various ways. Be alert for the unexpected and make the most ot » • 
Conservation concepts will become apparent and may be discuss 
as students begin to sec the interrelationships of the plants and anima 
in their environment. 

Summary of the Trip. You may want to have students summarize tn 
findings of the trip right on the spot, by an informal gathering. Other 
wise the summary' might be made soon after returning from the trip- 
For added field trip suggestions see Sec. 18-5. 

541. A Pond or Lake 


A Field Study. Students might go on a field trip to examine th^ 
physical features of a pond or lake and the kinds of plant and anima 
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relationships that exist in such an ecological community. For example, 
they might draw in a notebook a contour map of the pond indicating 
its elevation in relation to the land, the depth of the water, and the 
area of the pond. Direct them to examine the type of bed (mud, hard 
clay, gravel, flat rock, etc ). Students should also record the temperature 
of the water, its turbidity or clarity. What is the source of the water 
supply — the possibilities of pollution 5 What kinds of plants are in 
the pond? Are they floating plants or submerged weeds 5 
Then have students diagram a cross section of the pond. Have them 
draw at the proper level in the pond the kinds of plants and animals 
that they find and label them, for example, under plants, floating or 
submerged, seed plants or algae. If the plants are algae, have the stu- 
dents try to identify them as microscopic hinds or free-floating types. 
Use such animal and plant guides as Ann Morgans Ftcldbool of Ponds 
and Streams (G. P. Putnam's Sons, New York, 1030), or James C. 
Needham and Paul R. Needham's A Guide to the Study of Fresh atcr 
Biology (Cornell University Press, Ithara, N V, 1953 , or R. ■ Pei ™“l ■* 
Fresh Water Imertcbnlcs of the United States (Tile Ronald Pr 

"ZSstS Und, of animal forms and then ahundaoce 

free-swimming forms? Do any move * , he onJ? Arc they 

° f ,tec 

dwelling on the bottom o a po bag t0 a ra hc as shown 

Students might tie a burlap c g ^ S ^ ^ tfmwl the operator, 
in Fig. 5-1. As the rake touches bot Students miglit compare 

loosened plants and animals wi a stream bottom and a pond 

the differences in the living things j t m jgl,t be responsible 

bottom. What are the environmental factors 

for the differences? oroiect some students may want 

Yearly Observations. As a long; «■» F°]ect * !od „ f t „ 


Yearly Observations. As a P™ 1 ' 0vcr a period of five 

to record yearly observations of the 

years what kinds of clia "S“ ' a ' C Ian ,s in the " liter disappeared . 
What woufd happen if the ^ ^ 

z naxs* -* - 
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Or an animal lonn vanished? Would these changes affect the balance or 

web of life in the pond? a 

Under ivhat conditions would the laVc or pond become a sv P , 
Wliat succession of plants and anirnao 
would follow as swamps formed (Sec. 
5-5)? Ultimately, what might happen to 
a swamp area? What kinds of plants an 
animals might invade this new bog area 
(Sec. 5-6)? . 

A Geological Report. Some studen 
may report on tremendous changes on 
the face of the earth throughout time, 
indicating how land areas now existing 
were once under water. They may eX 
plain how water builds new land an 
also wears away and transports soil to 



new areas. 


Fig. 5-2. A dip net for catch- 
ing plankton. 


Study of Plankton. Students may co 
lect floating surface plankton, the minute 
plant and animal life from a lake, b) 
using a dip net or a long-handled nek 
they may make a special “net,” for whic 
the)’ will need a wire hoop (an enabroi 
den - hoop or heavy wire), a discard 
nylon stocking, and some string (£*§■ 
5-2). The hoop may have to be weight 
in order to submerge the stocking. After 
the net is drawn through the water for ^ 
few minutes, it may he hauled in and the 
stocking turned inside out over a whits 
- ot 


enamel dish with a little water in it. Students may see the activity 
such animals as Crustacea ( copepods, cladocerans, and so forth). Semple 5 
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of water examined under a microscope should reveal a variety of pro- 
tozoa, rotifers, and many eggs of animals. Among plant members these 
are likely to be found in plankton: algae of various types including 
desmids and diatoms. 

Is the pond water clear or murky as samples are taken? Is any of 
the murkiness due to silt or clay, or is it due to millions of tiny plants 
and animals growing in the water? These latter form the first step in 
tlie complex food chains of aquatic animals. 


5- 4, A Stream 

Life in a Stream. Students may use the pattern of directions given for the 
study of a pond (See. 5-3). fn addition they might indicate the velocity 
of the water by measuring the rate of progress of a Boating stick. The 
kinds of living things are quite different in slow-moving and in rapid 
streams. A fast-moving stream, for example, has a different oxygen supp y, 
and therefore contains only certain plants and animals. Are they more 
active than those living in a slow-moving stream? Which organisms hve 
in the stream's current and which abide on the banks or edges of the 

^Students should use dip nets and white basins for examination of to 

». * 

collect plant and animalWe tom two , h(j nimlber and 
S'oTting ^tThe two sections? How do the temperatures 

compare? , tabit3ts . One of the differences 

Water temperature is vita ^ otygen content (Sec. 

between warm and cold wa warm streams with low oxygen 

6- 1). Some kinds of fish cannot s , 0>vever the sole determinant of 

content. Temperature water, for instance, uses up 

oxygen content. Organic matter ui P 

much of the dissolved oxygen ( ec ’ f a p aras itc and Two Hosts. 

A Closed Food Chain: Interdependence m # yQU ^ ^ 

When your class is studying oo wllic h occurs among parasites 

students to report on the clo ne ma y describe the life cycle of 

and their hosts. For example, someo ^ jn the spring when bass 
the bass tapeworm. These ta P^ u eopepods (forms like cyclops) 
reach their spawning gmvnds. jdere serve as food 

ingest the eggs of the tapewo 
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for the game fish. Tile tapeworms live in the 

liver and reproductive organs, tber! J zoofogy such as 

Some students may refer to ex Tinnier Tr (W. B. Saunders 

them to describe the life cycle of certain liver flukes. 

Students should be able to explain why parasites produce J £ jj? 

numbers of eggs. What would happen if the parasite destroy 

5-5. A Swamp 

Insectivorous Plants. In a swamp area students may find green p an 
with special adaptations for catching insects. These plants m som J 
receive nitrogenous substances for use in their metabolism. 

Some of the plants that students may find are sundew P>‘ch c :r P ’ 

and Venus's flytrap (Fig. 5-3). Students should observe how the lea 



Fig. 5-3. Artist's sketch shows the Venus flytrap as it would look with an uise 
being caught in one of the traps. Notice the various traps on the plant. (Aa / 
ted from a sKcfcJi by Karl Eric Ilaglund for Armstrong Associates, Insect ieoroi 
Plants, Basking Biage , N.J.) 


have been modified for a specialized function. These plants may be 
cultured in class in a terrarium (Sec. 9-5), which is kept quite moist* 
Add a few bits of charcoal to absorb odors in the tank. On occasion 
introduce some fruit flies into the terrarium. 

Lacking the living plants, you may plan to show a film such as Plant 
Traps (Encyclopaedia Britannica). Perhaps you might offer a text such 
as that by Edmund W. Sinnott and Katherine S. Wilson entitled Boian'J 
(McGraw-Hill Book Company, Inc., New York, 1955), or M an and d ie 
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Living World by Erne>t E. Stanfoid (The MacMillan Company, New 
York, 1951). A report might then be forthcoming giving some details 
of how these plants catch the insects. 

5-G. A Marsh or Bog 

Similarly, students may examine the kinds of plants and animals m a 
flood-plain marsh, or in a bog Test the aciditx here (Sec. 7-8). 

Students might describe the factors that exibt m these biotic com- 
munities. What natural enemies hold the numbers of given plants and 
animals in check? What would happen if one kind of organism began to 
increase or decrease in number in one kind of biome? 


5-7. A Beach 

Hermit Crabs. On a field tap at low tide along a sheltered beach 
students may come upon hermit crabs scurrying about in shallow water. 
Tile small crab lives within an empty periwinkle or moonsnail s shell. 
Have students pull out the hermit crab from the shell to see how twisted 
and degenerated its abdomen has become Notice how the body curses 
into the spiral of the shell. . 

the —g. “P £ 1 «, S dose to the eastern sea- 
Killer of the Seas. I } d tl]e film of oil left by tankers 

hoard, perhaps your students ha ^ tbat birds are often al- 
and otlier large vessels. " > water ? How is this a menace to 

traded by the shimmermg o ^ ^ ]Iutcd water becomes oil- 

COM. Heath from drosvning. crposure, or 

starvation awaits him.) chores but is an international 

This menace is no. restarted .0 our o ; ™ IubsCTl bed by 

problem. A student might rep j^wd to prevent ships from 

forty-two nations in London 1 ’ & or ot]ier creatures might 

a city, a town, or a rural a * . ; 



so unsc things and theih environment 

living things in the region- These might include. 


1. Temperature variations during a year 

2. The date of the last hilling frost in spring 

3. The lengths of the longest and shortest days 

4. The elevation above sea level 

5. The annual rainfall 

6. The average depth of the water table , 

7. The nature of the underlying rock, which partly determi 
character of the soil 


Students might be interested in gathering data on questions like *« • 
What are the limits of temperature and pressure between which 
for human beings is possible? How has science made it possible lor man 
to thrive in climates where life would otherwise be difficult or impossiD . 

For much thought-provoking material on man in relation to the wor 
in which he lives, your students might he referred to .Van's Nature an 
Natures Mart by Lee Dice (University of Michigan Press, Ann Arbor, 
Mich., 1955). 


PONDS, LAKES, AND SEA IN THE CLASSROOM 
5-9. Aquariums and Marine Studies 

Making an Aquarium. In preparing an aquarium students may use 
large battery jars, tall pickle or mayonnaise jars, or standard rectangular 
tanks. The most acceptable tanks are those which have iron or chromium 
frames and slate or glass bottoms (Fig. 5-4). 

Tanks with a 4- to 5-gallon capacity prevent overcrowding of £su 
if not more than Eve to six pairs of fish (an inch or so in size) are 
introduced, together with plants and a few snails. Cover the tanks to 
prevent evaporation of water and avoid contamination. 

At the start, a tank should be thoroughly washed with soap and warm 
water followed by prolonged rinsing in cool water. Then fill the tank 
half full of cold water and let it stand a few days. In this time, leaks mav 
be detected and any soluble materials in the tank may be dissolved m 
the water. Now discard this water. The tank is ready for filling. 

Cover the bottom of the tank with a half-inch layer of coarse sand 
that has been washed previously with boiling water. In this sand, bury 
a piece of chalk an inch long at each end of the 5-gallon tank. This 
should neutralize the acidity and provide calcium salts for the snails. 
Now add another half-inch layer of sand in which you may deposit 
a 2-inch square of copper stripping or a few copper coins to hold down 
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the growth of algae. Next, place a sheet of paper over the sand and 
begin to fill with water. In this way the sand is not disturbed. Fill the 
tank to within a few inches of the top. Then let the new tank stand 
so that detrimental gases such as chlorine may evaporate from the water. 
Include a gallon or less of conditioned water from an established tank. 
•Even better, add a gallon of water from an established Daphnia culture. 

After a few days, add plants, both rooted and floating varieties You 
may want to include Anacharis, Vallisneria, Cabombc, possibly the 



/Central Biological Supply House, Chicago.) 
Fig. 54. A fresh-water aquanum. (genera 

. . . „ t,„ks arc conditioned odd some algae 

water fern Saloima; when the , ts in the background of the 

such as Nitella or Chdophom. Flat* >* ' p)ace for gravid female 
tank and include a few rocks 0 


fish. , exposure since strong sun- 

Place tlie tank in a northern °r This green water, incidentally, 
light causes an excessive growth of cf DapIm ia. Since these 

can be cleared to a large extent by « „ ec essary to remove the 

in turn will be eaten by the fish, * may ^ bet „,c they clear 

fish temporarily so that Daphn e aIgae by adding mom 

the water. Remove excess * 1y rcm ove dead plants and keep 

snails. Besides feeding the „ arnoun ts 0 f new water, 

the level of water be nccessaty once a tank rs 

Frequent changing of the tank 
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law. The average pH range (See. 7*, should he heUveen 6, 

and 7.2 in a conditioned “'l'' 3 "’™; nalivc fish, llie killifilb 

What kinds of fish shouli. be kcp . . | bellied dace, and 

or Fund., his. die stickleback, goldfish maybe 

sinner are desirable "J biu of boiled spinach 

kept under the same conditions Th ; l anls in the tank, 

in addition to other foods, and they f P° ^hstand low room 

^ffi&sasys 

This usually removes die white patches on fins or of 

the fish in ordinary water and immerse it m an °-= P w “ n ‘ 1 j and 

potassium permanganate for 15 minutes. Keep the fish uolated ^ 
under observation for reappearance of the patches. The disease s 

be to discard the infected fish, for it may infect other fish, and d.s 
among them are stubborn and resistant to treatment 

Developing Eggs of an Aquarium Snail {Fhtjsa). When s V" de " use 
to leam how an animals egg desclops (sec also Sec. 4-S) the> m ) 
snails eggs, which are available all year round from the classr 
aquarium, or they may bring snails from their own tanks at nom e * 

In class the)- may dissect a snail to remove the multiple-lobed o% 
which lies in the uppermost part of the spiral of the snail. This s 
be macerated slightly in a drop of aquarium water on a clean s ■ 
Under high power the student may see sperm cells as well as the sphen 
eggs. In fact, he may see fertilization take place. Then the fertUizeu 
eggs should be segregated into small finger bowls and their developmen 
followed for the next few days with a hand lens or a binocular microscope- 
Reproduction in Fish (Medaka, Oryzias latipcs). The early develop" 
ment of the eggs of certain fish may be studied regularly in the class- 
room. When the fresh-water fish, medaka, are given proper conditions 
of light and temperature and are fed Tubifex or Enchytrea worms or 
mixed dry food, the females produce eggs daily, usually just befo^ 
dawn. The eggs, which are fertilized externally, remain attached to 
the female for several hours. 

Students may Isolate these fertilized eggs in small containers of aqua 1 ' 
ium water and over the next 6 days they may follow the developmen 
and hatching. With a hand lens, students may look for the first cleavage, 
which occurs about an hour after fertilization, then the second cleavage 
stage about an hour and a half later. The third cleavage stage, wnicn 
occurs about two hours after the second, results in a mass of eight cells- 
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A Marine Aquarium. An especially fascinating class study for stu- 
dents in inland cities is focused around life among marine invertebrates 
such as small starfish, clams, small ojsters, and sea anemones. These 
tanks (Fig. 5-5) need more care, for sea plants arc not good oxygenators. 
Therefore, an aerator and a pump are needed. Synthetic sea water along 
with small invertebrates and seaweeds may be purchased as a kit from 
many supply houses (Sec 18-3). 

The specific gravity of the salt solution should be between 1.017 and 


(General Biological Supply House , Chicago.) 
Fig. 5-5. A marine aquarium. {Cenc c* 

To replenish salt used by 
1.022. A hydrometer will give “ Jj rf j part Epsom salts to 3 

tile organisms add a teaspoonfu P (]i A sma n piece of plaster 

parts rock salt to a 20 -gallon tank A id the contact of metals 

of paris may be added every five i months . Avt. 

such as zinc or copper with sea w . > (mEsh and o[ mollusks. Feed 
Students may watch the T'S containers so that the large tank 
the animals bits of worms in 

does not become contaminated- sea a „d compare this with 

Have students trace the fcod ^ , and . In ea ch b.ome who 

the interrelationships in noro ber „l individual plants 

are the natural enemies t a 
animals? 
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'ind cover the pan to beep out the light. Within a tew y 
'all the eggs shLld hatch. If you remove the cover fro™ pTrt f ' 
nan vou should find that the larvae congregate in the light rcgi 
the pan Then you may collect them to put into fresh salt so u 

transfer them to depression slides for students to observe m^jes-em 
hours These slides may be circled with petroleum ]clly and . lhc . 

Slip pressed into it. thereby sealing the slide so the material enn be 
studied for several hours without drying. The slides may b <= P’^ 
a moist chamber such as that used for germinating pollen gra 

^yviia^place do forms like Artcmla occupy in a study of food niches 

in a food chain? -mrils 

A Microaquarium. How are plants and ammais 

related in a balance in nature? Students may 
have studied the web of life in a pond or la e 
field trip (Sec. 5-3), or even in a balanced aquar 
ium that they have made (Sec. 5-9). Yet at some 
other time it may be useful to make a complete y 
sealed microaquarium. In the sealed soft glass 
tube shown in Fig. 5-6 is a snail and a g 00 
oxygenator such as AnacJiaris or Cabomba m 
aquarium water. Since this sealed tube might 
represent a relationship among living things in 
terms of balance, dependency, or, in broad terms, 
aspects of conservation, what would happen u 
the plants died out? What gases are interchange 
within the tube? 

Students would enjoy watching you pull out 
a large-sized soft glass test tube over a bunsen 
flame. Rotate the ends of the test tube slowly to 
distribute the heat evenly. As the center of the 
test tube talces on a red glow and becomes soft 
(Fig. 5-7a ), remove it from the flame and pull out the tube so that an inch 
in the center is elongated. 



Fig. 5-G. A sealed mi- 
croaquarium. What will 
happen inside? 
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Since the tube is hot, it cannot be filled immediately. It would be 
advisable to prepare some pulled tubes before the class meets so that 
cold tubes are available Then students can watch the entire procedure 
and possibly try to make these microaquariums too. Pour an inch of 
aquarium water into the bottom half of the cold tube. You may want 
to add bromthymo! blue indicator (Sec. 18-le), so that students can 
watch the changes in the concentrations of carbon dioxide in the water 
during light and in the dark (Sec. 3-6). Insert an elodea plant and a snail 



, ,-nfn the bottom of the test tube, 

down the pulled part of the tu , (bB tesl tabe over the 

Gently lieat the elongated part by 6 V jf ow pu]] t he center con- 
flame, but avoid heating the wat ( S- upper end of the test 

striction into a narrower bore y pn S ■ sudden sealing while 

tube, but don't seal the glass ^.7“^ narrow bore has cooled, 
warm would cause the glass to crad. _ After the narr 

then completely seal the a plant and a snail survive 

These sealed aquariums co bu( nol direct sun light. 

for many months when tep ^ depa[tment stores, might be 

Plastic bags, available at pet P might be in , e rested in 

substituted for the test tu ■ fl marine microcosm and to study 
using a large sealed bottle 0 helpful suggestions in the Apnl, 

its changing balance. They wd' JfcA, published by the 
1958, issue of the magazine. 

National Science Teachers Association. 



UTOC T1„NCS ANH T,IF-,n nSVW*'“* T 

SO 

A STUDY OF Micnoscoric LIFE 

5-10. Thallophytes midlt be used lo 

sx *“ 

or in part onto a sheet of paper . . j with a clear pcctinous 

number of species increases immeasuraUje A ^ndjem ^ ^ 

microscope will be needed. A single drop animals that grow 

of marsh grass holds scores of organ, sms inch d Mg *»> m J 5 0 f 
in branching patterns like plants and plans X an 

whiplike tails and eat like animals. Learning to Jell.a ^ 

animal becomes quite a feat. Your students Fresh . wa , cr Algae 0 / 

in the identification of algae from ’ __ ,,,,, li00 b Company, 

the United States, by Gilbert M. Smith (McGraw-Hill liook 

'"c’ulturtng Algae. Although there arc many methods for culturing d,f 
ferent algae, only a few techniques arc described here 

Algae from slow-moving streams or lakes grow well in a . sc : • ^ 

ium (Sec. 5-9). Eugicna may be found ,n sunny shallo P , „ the 

for CUlamijdomonas in the same places. In the greenish mud along 
edge of a lake you should End desmids. Slippery fine threads of Sp. 
may be floating in sunny areas along with Volcox. A fuse 5 , 

light on Volcox may be found in The Croat Cham of U! . > J e 

Wood Krutch (Houghton Mifflin Company. Boston, 19o6). IM 
of the chapter called The Machinery of Evolution is that wim 
sex and death made their first appearance on earth. tWs 

Also, collect the green felt covering on rocks and flower pots, 
probably is Vaucheria or Protococcus . . urn 

Culture the aquatic algae by placing small amounts in an aqua * 
that has been established at least two months. Or prepare a nu 
culture solution as described in Sec. 18-1- Growth is often en a ^ 
by adding some soil from the pond or lake, or a good garden soi • 
however, add distilled water to the soil and bring to a boil. T 1S . e 
destroy any algae already present, which may contaminate the 
you want to grow. \f aoV 

You may add Spirogyra to a thriving culture of Daphnia. v* 
other algae also thrive well in this culture.) Keep the culture in medi 
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light or at a north window at a temperature between 19° and 25 e C. 
You may add to the culture each week a pinch of fresh hard-boiled 
egg yolk pulverized between the fingers Also keep a few' snails in the 
culture. 

Other successful methods of culturing algae are described in A 
Sourcebook for the Biological Sciences (See. 19-3c). 

Algae for Food. Your students will find an excellent report on the 
one-celled water plant Chlorcllo, with an account of the first promising 
attempts to grow it economically on a mass scale, in the October, 1933, 
issue of Scientific American. 

Your students may also be interested in the work being done by 
Professor Harold B. Gotaas of the University of California, Berkeley, 
in growing algae in sewage ponds, then harvesting and drying the 


P Algae will no doubt find use as a filler for animal foods as is the case 
with soya and alfalfa meal. What do your students think about algae 
as a dinner dish for themselves? Their reactions may bnng ! home to 
them that the evolution of human tastes ts somehow involved. What 


are other factors? 


5-11. Protozoa 

Culturing Some Protozoa. Students may prepare cultures of protozoa 
suds as p"L, coin or other forms by the Mowing procedures that have 
been successful in the * s rr<»m: protozoa is , ]lis 

1. A generalized simple method ‘ k thcn Jdd a small hand- 

one: Boil a liter of pond water or sp g • boil another 

ful of timothy hay (or ^‘^Xut s“ unioohed rice grain, 
10 minutes. Allow this to coo , pjpcttcfnls of the protoroa 

After 2 days, inoculate this Hurd will, a lew pip 

culture you want to maintain. involves the preparation of a 

2. A more time-consuming “^Sn^lSs o! protozoa, includ. 

synthetic pond ' va,er - ® 0 "° j in > , ll£s solution. Prepare a stock solution 
ing amoebae, may be culti [ distil] „l water: 

first by weighing out these salts into 

Sodium chloride, 1» S® 

Potassium chloride, 0.03 grams 
Calcium chloride, 0.04 grams 

Sodium bicarbonate, attu t™„ ) 50cub ic centimeters 

Phosphate buffer (pH 9.9 to 7 dw|W 

Tills stock solution should j^ ^ Iu,t e “ n ^ r c3C h cubic ccntimetcr f °[ 

water in mating ""'peters of distilled water. Add a few 
stock solution, add 10 C,1D1C 



uv ,sc THINGS AND TIIEHI ENVIRONMENT 

loved rice grains * the iiuid in a finger how,, then — with 

tiom under a microscope to show how microscopic ___ 


UOm uuu“ " ‘ 

produce themselves. Students may 
1 kVimr mav Wltn 


now llliuuai-wj' 

End transverse fission in pammeoa 


in“o*er protozoa they mediyl «,lu!ose 

mgum tgaranArortm same dr0 P ta 

"• *• — 

both low and high power. . . want to study 

Other Lessons in a Culture Dish Some students What 

succession among die microscop, e lormsofhfcina ™^ r > ? 

do protozoa use as feed? What aetors aff«t thelife ^ete ot p ^ 
Or students may want to make a study o (laecllatcd forms 

dish. Guide them to see how bacteria and small g , 

inultinlv rapidly, particularly around the nee grams. As wecW g 1 
SudeS might^kecp a red of the kinds -f protozoa ^h rne m 
dominance in the culture. Finally they may notice how ■routes, > 

celled organisms, take over an old culture. Students may P ^ 

to the class on the ways that protozoa ingest their food. Any 
college zoology or protozoology will give this information. 


“THE SEA AROUND US” 

5-12. “Water, Water Everywhere ...” 

Ash your class, “What is the most valuable thing in the sea?” (Fig- ° h 
They may at first be unaware that the chief resource of the sea is 
fish, not salts, not magnesium or bromine or any of the other va ua 
materials that can be extracted from it; the greatest resource o 
sea is trofer. Again we are back to the all-important hydrologic eye 
the interaction of air and sea and the energy of the sun that makes 
water available to us. This interaction of air and sea is so intimate 
your students must understand both in order to understand either. ^ 
Ask them what would be the new outlook if we could learn to contro^ 
our climate (involving as it does all phases of the earth’s water, temper 
ature, and winds). Their suggestions might include taking the weatn 
problem out of farming; making present “waste” lands available 
farming; making areas now inundated suitable for the raising a 
harvesting of foodstuffs. . , 

Your students would gradually become aware that there is mde 
water enough to go around, if only it were suitably distributed in tirnC 
and space. 
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Institutions with which your class may want to become acquainted 
are, for example, the Oceanographic Institution at Woods Hole, Massa- 
chusetts, .the Scripps Oceanographic Institute at La Jolla, California, the 
Lamont Geological Observatory at Columbia University, the Marine Lab- 


-,4. H— 


Salt Magnesium 



Fig. 5.8. Some resources of the sea. Which is most important? 


oratory of the University of Miami, the Bingham Oceanographic Labora- 
toT^Yale At .tee place, Mentis* in many different Cel* are devot ng 

their combined efforts^to the of^cicnUfi^e^loration 

your students w« be caught up in Its 

‘“den. that for this great Ration a -- 

Have your students suggest the " ™ p h m . 

b 1Z^Z>^L.p^ n, following uould maU an 

was offered by the Delaware ‘ ' Q f t j ic Delaware River. Some 

proposed a reservoir in an “PP 4 ^ t ere t h c river meets the sea, arc 

2£S « — 

pounding nf the river ^ ^ ^ ^ - 

m M F n t 5Sf hSt M 



Engineers ashed ibis .nesHon and ioge.bcr with marine biologists 

'^oyster Kvt “ "irvay between “ oyMm’s 

rounding becomes either too salty o^o 'rc.l. t d«* ^ ^ as 

•irs,irt."'Sn"S r .... «. * — . • »- 

water restrained by the dam during the h gh r ™r ^ ^ ^ 

the oyster population since this won prc , .j sea would 

fresh water, but if too much river water were removed the sea 
advance upstream and will, the salt would come the foes of ijj ^ 
Periods of low river flow are dangerous times, so ti e 
been planned to release water to the river during dry spel s ^ 

natural flow of the river is dangerously tow and wou d I lw >s 

oyster with an invasion of its natural enemies from the sea. 1 
engineering skill has been employed to provide an important 
with an even better habitat. 
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5-13. The Sea and Living Things 

Cycle of Life in the Sea. Have your students trace the cycle 
and animal life in the sea. They will find that it is not vastly 
from what it is on land. Plants live and grow, carrying on the procu 
of photosynthesis, absorbing from their surroundings nutrient su s 
such as phosphates and nitrates; small sea animals “graze on the v g 
tation and are in turn consumed by the larger animals. When organisi 
finally die, all of them, large and small, decay and are decompose ) 
bacteria, the remains dissolving in the water in the form of car o 
dioxide, nitrate, phosphate, etc. 

If you wish, let your students trace the nitrogen cycle of the se 
Bacteria, similar to those on land, act on the ammonia resulting r0 
protein decay, oxidizing it to nitrites and then to nitrates. 

Students should recall that all forms of life need oxygen to live. From 
where does ocean life obtain this oxygen? 

If you are near the sea, allow a glass of ocean water to stand 
several hours. Notice the bubbles of air that collect on the sides 0 
the glass. This is another example of the interchange constantly taking 
place between air and ocean. Your students will realize that marine 
life is dependent on the air as well as the sea, just as life on land neeo 
the sea as well as the air. , 

Food from the Sea. Ask your students to find out how rich a fooa 
we have in fish. Why is fish (Fig. 5-9) not being used at present as 


of plant 
different 


i whv is the abundant food from the 

Fig. 5-9. Unloading salmon in .A nsta .Why ' “ Scheffer, a s. Ml 

sea not so widely used as it might be? icowtciy c; 
and Wildlife Service.) 

widely as it might he? This will ££5 ttlfS « 

although fish are abundant, Jhey > WO uld better ways of 

ami catch, and often far from the market, n 
freezing and refrigerating help? . (gee. 5-10)? 

What about food from the sea m . lhjs su bjcct they may 

Prospecting for Fisli. As stodentj OTnlc devices arc 

bo surprised to leam that airji • • fascinating story that may 

all used to locate schools of tish. *" (Sm . 19-7f). 

be found in The Sun, the See and Tomorrow O 

5-14. Mining of the Sea ,| ]e ^an, they might 

Dissolved Solids. If your ^ thcn evaporate it. Tlicn thy 

get a sample of sea water, ''/'calculate the per cent of solid In >e r 
might weigh the residue 

sample. , r sca water will leave bchm c osc o 

If boiled away, 100 poun which is common salt. 

3.5 pounds of solid matter, most of wind. 
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how many millions of tons of minerals and , “dissolved 
to the oceans each year by the nvers of the earth. How « » effects 
and suspended matter removed from the land. What ^ 
of this withdrawal on the sod? What is the name given to this cashing 

3 "salt from the Sea. Students may set a dish of salt water in the freezing 
unit of a refrigerator. They will noUce that the water freezes : am ins ' 
leaving the salt, or a concentrated solution of it, behind. In what r gi 
might this be a useful process? Just how is it done on a large sea e 
Ask students to take a shallow dish of salt water and set 1 
sun. As the water evaporates the salt is left behind. In «*“* 
climate would this he a good way to get salt from the sea. What 
the details of the process? 

Have a student report on the way salt is mined from wells, 
the salt brine brought to the surface? mere in the United States ar 
salt wells located? How do scientists believe they were formed. 

Your students will realize that to crystallize the salt from brine 
water will need to be evaporated by beat. In hot countries the sun is 
used to bring this about. In cool countries to boil off the water wo 
involve a costly fuel bill. Is there any way of increasing the rate 
evaporation and using less heat? 

To show' your students how reduced pressure increases rate of evapo* 
ration and even causes a liquid to boil at a lower temperature, tu 
following experiment may be performed: 

Let a Pyrex flash, half full of water which is boiling vigorously, 
removed from the flame and instantly corked airtight with a rubber 
stopper. Use caution in this experiment since the flask might collapse 
You might use a wire screen to cover the flask. Invert the flask as shown 
in Fig. 5-10 and cool the top by pouring on cold water. The water in 
the flask immediately begins to boil again. Elicit from your students that 
this is because the steam in the top of the flask is condensed and so 
the pressure on the surface of the liquid is much reduced. Lowered 
pressure on the water causes it to boil at a lower temperature. 

A student might report on the details of the commercial method ot 
crystallizing salt by evaporation under reduced pressure. 

Your students wall probably be familiar with the importance of 
to life and of its various ordinary uses. They may be less familiar with 



93 


WATER MASSES AND UY1NC TtWiCS 

salt as a raw material from which a great many other important products 
are made. 

You might like to try this technique when studying this topic with your 
chemistry students: Ask each member of the class to select different 
chemicals that arc made from salt — such as lye, baking soda, washing 
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cause it makes light, strong alloys, magnesium has found increasing 
usefulness in aircraft, etc. 

What happens when there is a new and great demand for a material? 
A search for a new and greater supply is stimulated. 

Have your students look up the abundance of magnesium and how 
and where it was previously mined. When these sources became in- 
sufficient scientists turned to the sea with its 9 million tons of magnesium 
ions per cubic mile of water. Here was indeed a treasure trove of the 
valuable metal! It sounds easy but actually less than 2/> pounds of 



Magnesium chloride 
and water 


Sludge 


Fig. 5-11. Magnesium from the sea: A flow diagram showing the Dow sea- 
water process. [The Dow Chemical Company, Inc.) 

magnesium can be extracted from a ton of sea water. However, huge 
plants set up along the Gulf of Mexico and on the Pacific Coast are 
today producing all the magnesium used in the United States. 

One of your chemistry students might be interested in bringing to 
c ass a Bow diagram showing the main steps in the extraction of mag- 
nesium from sea water (Fig. 5-11). 

1 S .°7 !t done ™ lhe laboral ”y: The method consists 

to electrolysis of fused magnesium chloride. In order to make the 

c'doridT 4 ™ me V 1 ® W !em P erahIre . 10 grams of magnesium 
chloride’ n potassium chloride, and 2 grams of ammonium 

clilunde. Dissolve these in 50 milliliters of water in an evaporating dish 

hfa ZT,T 1 ^ S ° * “* ** ■ ?nsed P mas, Break 

mass up and place it m a clay crucible on a ring stand. 
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A carbon rod, suspended above the crucible, serves as anode and a 
thick iron nail as cathode. Now melt the salt mixture and connect anode 
and cathode to a source of direct current The voltage should be ap- 
proximately 10 and the amperage between 8 and 10. The electrolysis 
should continue for 15 or 20 minutes. At which electrode does the 
magnesium collect? Can your students identify by its odor the gas 
produced at the other electrode? 

Bromine from the Sea. Make some bromine so that your students may 
become familiar with it This may be done as follows. Put m a test 




living raises and nrem EsvmosMEst 

^Add 1 cubic centimeter of carbon disulMe (or J-*- 

,o 5 cubic centimeters of bromine water Stole Ts »^ > f 

tzz zitz t^rjT^ n , e * 

“S^tover' largest u^bromineis in 

sea™here bromine is found in less tlmn 70 parts to the mdton. The 
result of research and experimenting culminated in a success 

a masterpiece of technical skill. , . n o cubic 

To 5 cubic centimeters of potassium bromide solution ad - 
centimeters of carbon disulfide. Shake. The carbon disulfi e 

colorless as it sinks to the bottom. Add a few cubic centimeters 
water (Sec. IS-lg). Shake and note the color of the carbon disu 
which is now reddish-orange due to the liberation of bromine. 

This experiment illustrates the way bromine is prepared nom 
water. Bromine is found in the sea in the form of bromides. To e, 
the bromine, sea water is treated with chlorine. A student mig 
interested in studying and reporting on the details of its commerci 
preparation. T - v 

Colloids from the Sea. Red sea plants, known more familiarly as m 
moss, are processed to yield extractives which are used particular!) i 
gelling and thickening foods. These colloids of the sea are contributing 
important advantages to over a hundred different products, ranging 
from chocolate milk and ice cream to toothpaste and a number o 


industrial products. 

Your students may obtain an interesting pamphlet on this subject 
by writing to Seaplant Chemical Corporation, 63 David St., New Bedfor , 
Mass. j 

Living Things Mine the Sea. Some things that our scientists have no 
vet succeeded in doing have been done by other living creatures. Oysters, 
for instance, concentrate copper from sea water in their tissues, "’bn 
seaweeds concentrate iodine, even though the iodine occurs in concen 
trations of only 2 parts per million. How is iodine extracted f rorn 
the giant kelps of the Pacific Ocean? 


5-15. Sea Resources and the Future 

Here are some questions for class discussion: 

What are the advantages of land mining over the mining of the sea f° r 
minerals? Why does industry prefer the former? ( It is, in general, cheapo 
to extract metals from the more concentrated ores.) 
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Is more energy needed to extract metals from dilute concentrations of 
ore? What are possible new sources of low-cost energy (Chap. 16)? 

Many oceanographers feel that the wealth latent in the seas will re- 
main only potential unless wc can increase materially the research and 
technological skill now being devoted to the development of our oceanic 
resources. 

Your class could study reports of the International Oceanographic 
Congress field at United Nations headquarters in New York during 
September, 1959. At that time, 800 oceanographers from thirty-eight 
countries compared notes on their progress in the study of the sea. This 
was the first international effort to bring together and to pool the 
knowledge of the oceanographers of the world. 
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Water is indispensable. Life cannot exist without it. Although scien 
tists are finding substitutes for other resources by learning to use more 
plentiful substances for less plentiful ones, a substitute for water oes 
not yet exist, if it ever will. , 

This chapter deals with water as it is found in nature and as it is de 
toured by man for his various needs. How to make more effective use o 
the hydrologic cycle is one of our most pressing conservation problems. 

WATER AS MAN FINDS FT 

6-1. What besides Water Is There in Natural Water? 

Living Organisms. Students may examine a drop of pond water under 
a microscope. You may want to conduct a field trip to a pond or stream 
(Sec. 5-3 or 5-4). In planning for the trip, students will find it wise to 
prepare containers and aquariums for the animals and plants they wm 
collect (Sec. 5-9). 

Dissolved Cases. Warm a test tube of pond water very gently. Bubbles 
may be observed forming on the sides of the tube, long before the boding 
point is reached. 

Leave a glass of ice-cold water standing in a warm room. Air bubbles, 
many of them, will presently be noticed on the inside walls of the glass, 
as dissolved air is forced from the liquid as it warms. 

Use one beaker of warm water and another of cold. Put them under a 
bell jar and attach a vacuum pump. The difference in the amount of a ' jr 
coming out of solution is made strikingly visible. 

Students may look up the solubility of the two most important com- 
ponents of air (oxygen and nitrogen). What happens to the solubility o 
these gases as the water is chilled? 



in 
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Your students might make a determination of the disseised nsygen 
(DO) in water by using the Winller method. Tim is described in t.c..n 
ta the April, 1938, issue of The Sconce Teacher. There are also a numb, r 
of suggested applications of the DO determination. 

Could aquatic life exist without the oxygen dissolved in water. Cool 

~r 

S3E 

ing again in a body of water. * “dj (urt J t rcsrarc i, i„ the field of 
discussion might emphasize the fully how natural 

ecology in order that « , may “"l”™ cn half a chance, 
water, with its teeming life. » ‘‘P ,h c solubility of 

Miscible and Immiscible q jn 5 mbic centimeters of dis- 

1 cubic centimeter of each of t S ^ (Not< , variation 

tiUed water: kerosene, salad “l W lc v ]„ discussing this experi- 
from the insoluble to the extras J “ dcnt / lhat liquids both miscible 
ment, you may want to elicit 5Crjotls p „|lution problems. For 

and immiscible with water . surface of laics, aside frooi 

example, the oily scum so of on '*'We >clual|) , K , a B „. hazard 

polluting the water and spoiling I ) Soluble liquids, loo, 

!md may menace the life of b ^L “a,c r inimals. If the soluble 

may cause trouble by being t ^ ov[diKSj it m ay seriously lower the 
liquid happens to he org. ... 

oxygen content of the water. ^ a winp l c 0 f p„nd or nu 

Dissolved and Suspended So « cloudy? Filter It and 

water (Fig. 8-1). Hold it to paper. Dismiss with your student 

sec if there is any Lf constitute » senous form of 

hosv undissolved so is , 

physical pollution in water- lllc mimed ss-atcr and heat it t< 

Talc 0 10 cubic centime 1 "” ^ n r „ i( | (ll . ? Elicit from students tl«' 

Iryness in a porcciaindbb. ^ which 


asMSgis 'sStss.rsA ~ 
ssta£bsatatt&: 


plants ww * „ rc pollutants, mg'*'} 4 , or distill^ 

on •'.= °'k« Xtl Ly ^ ""T TO.” soft water. Student. 

might use a soj“ jyfvujnce in the *«' 

a substitute, 
noticeable. 




Fig. 6-1- Students collecting a sample of silt-laden water f rom the Milw 3 ^ 
River. {VS. Soil Conservation Service photo.) 


kind of water are the most suds produced? The fact might be stressed that 
commercial users of hard water have larger soap bills. 

Place on watch glasses over beakers of boiling water 7 cubic cend' 
meters each of tap water, rain water, and hard water. Evaporate to dry- 
ness. Compare residues and help students to draw conclusions about th 5 
punt)- of rain water as compared with the others. 

To determine how hard water is formed in nature: Ask a student t° 
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breathe carefully through a straw into a test tube of limewater. The car- 
bon dioxide of his breath reacts with the limewater to form particles of 
solid calcium carbonate, really a form of limestone, which is commonly 
found as rock in nature. If more carbon dioxide from soda water is 
bubbled through, the milkiness will disappear, because tile excess of car- 
bon dioxide, reacting with the calcium carbonate, forms the soluble com- 
pound calcium bicarbonate. This is one kind of hard water. 

Your students may imagine how, during countless ages, underground 
water bearing carbon dioxide has dissolved the limestone far below the 
earth’s surface, leaving holes or caves. The water itself has become hard. 

Instead of blowing through limewater your students may set up a car- 
bon dioxide generator (Fig. 6-2). The gas may be bubbled through the 
limewater until the precipitate first formed disappears. The test tube is 
then put in a flame and its contents boiled. The precipitate will reappear 
as the insoluble calcium carbonate once more precipitates and carbon 
dioxide leaves the solution. You may now want to discuss the formation 
of stalactites and stalagmites in limestone caves. 
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“Lk students to discover the difference 1 K « • ^ 

S^^^oie and after boding in each case. 

C-2. The Importance of Water _ 

Water in Living Things. Weigh a fresh apple. Place it in a d ^“ g ° an 
overnight and weigh once more. What is the P«““*S . using other 
apple? Some of yonr students could vary this experiment by B 

fruits or vegetables. students End 

How much water is there in human beings? Have your - n 

out. They might be interested in calculating the P“""^ in the 

their own weight. You might want to discuss the function of 

k Living Things Need Water to Survive. Ask students ‘“/'“^and 
happens when they neglect to water plants What Unds of pi 1 ^ 
animals can survive in desert areas? Why? Have students fin 
are man’s daily requirements of water. . 

Water Needs of a Community. Ask your students to consider the 
her of times that they used water, or that water affected their ■ • 

tween waking and arriving at school. Have them compile a 1 
water needs of their community (Fig. 6-3). orT . nffe 

Do Communities Have All the Water They Need? You might arran^ 
to have an “official" announcement made to your class, by PA sys ^ 
there is one in your school, that water use must be cut off between 
tain hours of the day. Your students will, no doubt, be eager to ‘ s 
this news. All kinds of questions will arise. “How will this affect us. 
families? Our city and its industries?” After assuring the class tha 
is a feigned broadcast, ask them whether this might not actually happ 
during a severe drought. 

Here’s another way yon might dramatize the idea. Post a real ne 
clipping like this one: 

Water: Averaging 5^ a ton “delivered,” city water is a bargain bu 
costs mav go up as supplies dwindle — about 40? of leading US. C1 1 
arc already in tight supply, limiting their industrial growth. 

One might immediately pose the question, “What is the situation » n 
our community?” 

Still another approach might be to present your students with a state 
menl like this: “The Department of Commerce in 1956 estimated that t e 
nation will come close to doubling its use of water by 1975. A Departmc 
report said the nation now uses 262 billion gallons of water a day. 
What are some of the factors that cause experts to predict such an cnor 
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mous rise in water use? Discussion should emphasize Hut estimated 
growth in population foreshadows huge industrial expansion. 

One of your students might write for the free USDA pamphlet, Wifrr 
Facts (1957). In it are to be found estimates such as this. “Average daily 
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student will think of ways esdmateclTlmt the per 

meaningful. Here is one possible Day. U nas 64 ) is 500 

su/pose yon ask 


r 




Fig* C-4. A fanner irrigates 16 acres of netted gem potatoes on the 
Project, Oregon. Notice desert country in background. (US. Bureau / 
lamalion.) 

students to figure the ratio of 500 gallons to their own weights. 1 j 

also afford an opportunity to look up the conversion factors in Sec. -- 
If a student weighs 100 pounds, then something like forty times his " ei § 
is used in our country every day to help grow the food he alone ea * 
Water: Competing Demands. When your students have noted a ^ 


water needs of their community, they might evaluate those which arc ^ 
prime importance and those which might have to give way in case 
* 1 gal “ 231 eti In. 

1 cu ft contains 12 x 12 X 12 in. = 1,728 ca in. 

231 

1 gal is crpm alert to “ 0.134 cu ft 

1 cu ft of water weighs 62.4 lb 

1 gal of water weighs 614 x 0.134 = 8.36 lb 
500 gal cf water weighs 8.36 x 500 = 4,180 lb 
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emergency. (Air conditioning, for instance, might not be as important as 
irrigation.) If water is in short supply, can your students suggest ways of 
improving the situation? Ask them whether it is possible to limit plans 
for adequate water supply to individual communities. How do the 
county, state, region, and nation fit into the picture? Where does one 

b< Do We Now Use All the Water Available in the Hydrologic C>cle? 
This is a question about which thoughtful students are apt to wonder. 
Here are some of the statistics that will help them End an answer. 

The U.S. YY'cather Bureau tells us that the average annual ““g 

in the United States is 30 inches. The U.S. Geological Survey goes 1.5 
inches as the figure that approximately represents the am b 

that annually returns to the atmosphere through evaporation y 

ThesUmated tha, 8.5 inches **£££££%£ £ 
rin fs S e^7» “hafonlyabout 11 inch of water is actually 
intercepted annually and used direct y J ^ ^ for a particular 
Nationwide averages, of course, ]td in t (, e Catskill Moun- 

region. Thus, the New York ^ -'"'"^ whid. slightly more 
tains, has an average precipitation of 

than 50 per cent fs yielded as runoU. f , hey d „ indicate 

Whether these figures are comple wa , er res0 „rces. Wlial, then, 
that we are far from reaching the i your students are face to 

are the conservationists amcerne careful compiling of facts and 

face with a challenge winch' d significance.) 

figures and thoughtful ™ “ c . Sll , d ents might investigate and 

Some Projects Relating to 'Voter ^ A in the deve opment 
report on topics like these: T e p watcr would be available if t le 

of their home town: the “ .J^lied for the town’s water supply 

off: the area of the Smd c„ts might distinguish 

v for present and future nee als0 discuss tl)e 


source were cut — , - 
and its adequacy for present am. ‘“""" ic es and might also discuss u» 
between ground and surface «•*“ The project might include 

value of impoundments as an '^‘‘r immunity water supply system, 
the construction of a model o 

WATER AS MAN USES IT 

6-3. Water Pollution pollution: 

Here are several ways to start to* ^ „nd ask the students to 

Bring to class 2 6^“ e T d t o a discussion of ^ 

purify it. This will immediately^ lvhat purpose will the 
purities to be found in Bus water. 
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needed? How are the various impurities removed? Is it necessary to re- 

move them all? in advance Eve labeled 

Another technique you might use is t p P ^ nQ o is dear 

glasses of water. No. 1 contains v a « ' , p 4 stains ammonia; 

but colored with mb; no. 3 contatns . • j„ g] a5S of 

and no. 5 is tap water. “Why, you ^“^rcla"” might w-nt to begin 
water youwould choose for safe dnnl.in 0 . ' community’s 

l0 list 5 jobs for investigation: What is the source » 
driniing water? What are the impurities found in it beio 
„Z may impurities in water affect us? How is water m “tToUut^ water 
The Problem. An inventory of the harm and dang,* ^o pol uteO 
can be made by your class. They wall, no doubt be quite aware ^ 
general problem of water-borne diseases. Your student 
some experiences relating to curtailed recreational facrbt.es t S 

holes that are no longer safe, to boating that is not pleasant , 
fishing that does not yield even one nibble. 

Perhaps they have given less though, to the fact that P^"^ 
may threaten agriculture and that it can and does hamper the g 
cities, scaring away industry and undermining „ ,he 

In discussing pollution it is important to bear in mind that water 
inevitable vehicle for disposing oF waste matter. It is the or 

mate and proper oxidation and dilution when solid waste is r( ; fflo 
when the liquid form of sewage is properly treated before its joum , 

Natural waters axe self-purifying and it is also possible for a stream^ 
handle a certain amount of man-made pollution, if it can still ina . 
enough dissolved oxygen to support its underwater life. Bacteria mu 
attach the intruding waste, and are themselves consumed. Thus, g* 
half a chance, a stream will in course of time restore the natural a a 
But there is a limit beyond which nature cannot go. When man ex ^ 
that limit by dumping too much sewage and industrial waste in o ^ 
water, he poisons the stream so thoroughly that it can no longer reco' 
from its disease (Fig. 6-5). ... , 

With our skyrocketing population and the rapid growth of our ci i 
few streams have a chance to be self-purifying. This means that ther ^_ 
increasing need for pollution abatement and for sewage disposal sys c 
To keep pollution down to levels that will yield to proper treatme 
is the nub of the problem. It will, of course, cost money. Dr. Paul Sea^» 
in the December 10, 1954, issue of Science, makes an important Pf , 
when he writes “all the sound and fury over water pollution accompli 
little until organized business, labor and sport sensed a common tn 
and began to join forces on the problem. The task still remains of awa 
ing some thousands of municipalities to their responsibility.” 




Fig- 0-5. Thousands of dead shad from e f^"utoTttiTo"ygm 'content of the 
are the victims of hot aveather and river ITT could not exist. (Clunk, del 

Detecting Organic Matter in 

encc of organic matter in water y decomposition of organic 

is formed from tile ammonia given 0 y 

or animal matter.) . so j„|jon of sodium nitrite. Add 

Take 10 cubic centimeters of a ' concCTt rated ferrous sulfate 
a few cubic centimeters of freshly pP i c | icaB! the presence o a 
solution. Add acetic acid, 1 brown ^ ru „ ihe test on tap water 

nitrite. Having tried this test on a known 

and contaminated water. , needed, try this test: i a 

Or, if you can obtain the f 2m ^ S contaj ning a little dissolved sodnun 

cylinder nearly to the top '«* ™ ™ soll ,,L an d 3 drops A hjnbo- 

nitrite. Add 1 milliliter of ^“("jplia-naphthylamine acetate sola 
chloric acid. Now add 2 mdhbters rf aj? ^ ^ agilfet a white back 

think about these questions: Does 


„vn.e things and Tiirrn environment 
a filter paper in a funnel “tail ^sfudraK may compare the 

small portions of the filtrate may be tested for P , vcd gas. 

•x -- - - 

^ll'stdent to report on municipal Khration W^ Ncnv lbe y 

Aeration. Ask students to taste fr “ h !> o ^ S '’ "f^er to another, 

may aerate it by pouring it hid. and forth , e water? 

Docs it have a different taste. Why and boss ^ 0 [ potassium 

Chlorination. As a teacher demonstration take a kd > P° ^ 
chlorate and add 1 cubic centimeter of concentrated h>drocH 
it in a test tube. Cover the tube, not too tightly. lmmcd,a '^ (To 
have a sample of the greenish-yellov.-, highly ^ ^ water.) 

stop the reaction, add water; this wall give a »mp = of dhlonn ^ ^ a 
Students might examine pond water under a m cop , 
drop of chlorine water and examine again. chlorinate 

Why is drinking water chlorinated? Does your commu i w ater 

its water? Students should now- be ready to investigate the la ^ 

treatment plant set up in their community. One such mumcip. . 
is pictured in Fig. 6-6. , from 

Coppering. If possible, students might collect some green al 
a neighboring pond in two jars. Samples may be examined un R 

croscope. To one add a few crystals of copper sulfate and lea' e o © 
Samples from both jars should be re-examined under a microscope. 

Why is copper sulfate added to lakes and reservoirs? a 

Removing the Hardness from Water. Can one of your studen o ^ 
sample of boiler scale or find a picture of it? What about the e 
and safety of a boiler lined with such a coating? What would be t e 
of boiler scale on the amount of fuel needed? ,-aste- 

Students may have observed that softening water with soap is a ' ^ 

ful and expensive method. They might also have observed that 1 

.. « 7 - - - r.7 r .1 .7 no hath l* 


hit and expensive method, iney mignt also na\e ^ 

mess)', sticky method, injuring fabrics and depositing scum on ba > 
Students might try washing fabrics with soap in softened and unso 
water, comparing the results on the fabric over a period of time. . 

Temporary bard water can, as the student now knows ( Sec. o- J 


temporary nara water can, as tne student now Knows ~ 

removed by boding. (This is actually done in many factories bs 
the waste steam from boilers to beat large tanks of temporary hard vV2 ^ 
prior to use in the factory. Such a method is not practical, howev er, 
home use.) 

Students might add some limewater to a solution of a carbonate, 
and note the precipitate. (This is a cheap method of softening large qua 13 




Clear well 

n s (underground)] 


Fig. C-0. Modem mtinl^l Id odor, oxidizes 

precipitation, and a filtering ac o , . and gravel remove remaining 

oxide, dirt, and silt; film * BJ** ”7 This ofcficd water is generally 
turbidity, provide clear, P°“?™ o/ perm, .tit Company.) 
chlorinated to kill bacteria. ) ( 

- , ir artificially with 


ihlorinated to kill uacrena. / \ - 

w .i water or make it artificially with 
ion you might try. Obtain some ta ^ ^ ^ , ubes a , 

t little magnesium or calcium onc „f them !4 gram of sodium 

imounts of hard water in ea . amount of sodium tetra- 

:arbonate (washing soda), to ™°^ m * hosp]iate . Shake well. Add 
jorate (borax), and to a » 
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soap solution by means of that of the 

and compare the lathers form unsQftened . students might report on 
how water is softened in their homes. 

You might write to the Permutit 
Company, 50 West 44th St., New 
Yorlc, for a complete lecture table 
water-softening demonstration ( V 
6-7). Or you might use an iron pip 
or glass cylinder about 12 inehes 
long. Tie fine cheesecloth around the 
bottom and fill the cylinder with zeo- 
lite clay or permutit, a manufacturen 

Cl Test hard water with liquid soap, 
adding it drop by drop until yon 
have a successful permanent a • 
Rim some hard water through the 
water-softening apparatus, and ma 
the soap test once more. Compare 
results. How many drops of soap 
were needed in each case? 

Have your students find out hm 
this type of water softening is useo 
in homes, factories, and bosp> 

How is the zeolite regenerated. 

Someone might report on the e 
mineralizing of water by the two-step 
ion-exchange method, and the ro e 
synthetic resins in this process. 

Although water treatment is 
the largest use of ion exchange* 5 ' 
there are now many other app ica ^ 
tions as a result of the more reC ^ 
introduction of synthetic ion-exchange resins. Students might be in teres 
in finding out what these new uses are. . 

Sewage Disposal Plants. Would it be possible to arrange a fiek 
to a s css-age disposal plant and have students see for themselves ho" 
sewage is treated (Fig. 6-S)? How is the effectiveness of the txeabnc 1 ^ 
measured? What is primary treatment? Secondary treatment? ' ' - 
complctc treatment rarely used? 



Fi&. G-7. Apparatus for softening 
water with Fermutit 


A number of 


lent rarely used? 

steps are involved in the treatment of municipal sc" o 



*. U. How a sewage tmtn.cn. plan, -b <•«■ *** “* ^ 

■ml settling. Anacsobic toeterMabfew ^^''saM toms a sludge 
m this organic material and decompose 

pvhich has value as a fertilizer. t by t }, e biochemical-oxygen- 

The effectiveness of treatment _ soli ds removal (SS). Primary treat- 
lemand (BOD) and the suspended ^ wWch in many cases 

ment takes out about 3o per ,, in accomplishing the ptm- 

is enough, .ns the river itself can usua j 

lying process. .1 _ remaining liquid is still too liig 

4. Secondary treatment follows d ^ air , 0 rin some 

in “organic loading.” Usually tewnW .J> ^ b „ [cria begm to 

eases air is pumped throug 1 
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attack it IE the eIHucnt discharged to the receiving waters is still to g 
S arj. unless the water had to be reused for dnnhin n . 


6-5. Fluorine In Drinking Water .... „ j, 

A Study in Interpretation of Data. One technique found useful ,in U ■ ' 

i„g to^retation Of data is to permit students to examine data relating 

to a problem, such as the following: . .. 10-year ex- 

In December, 1935, a final analysis was made public on a I 1 > 
neriment in Kingston and Newburgh, New fork. Tins was t 
Report on 2,139 children in Newburgh, where the water ' ™PP^‘ ch gJ r en 
of fluorine in every million parts of water, compared with 
of Kingston, where there is no fluorine in the water. among 

Table 6-1 gives a record of decayed, missing, and fill 


Table 6-1. Comparison of Findings in Newburgh and Kingston 


Age of 
children 

Number of children 

Number of decayed, 
missing, or filled teeth 


Newburgh 

(fluorine) 

Kingston 

Ness burgh 
(fluorine) 

Kingston 


703 

913 

672 

2,134 

10-12 

521 

640 

1,711 

4,471 

13-14 

263 

441 

1,579 

5,161 

15-10 

109 

119 

1,063 



children of the two cities at the end of the 10-year controlled experimen • 
Do the figures bear out the following conclusions? 

1. The younger a child is when he starts drinking fluoridated " a e ’ 

the more effectively is tooth decay reduced. , 

2. Among the children who drink fluoridated water, the number o 

missing, decayed, or repaired teeth will be between 40 and 58 per . 
lower, depending on age, than among the children who do not drink 
water. ... 

While this dental study was going on, the Department of Hea 
studied the health of all the children over the 10-year period and f° un 
no significant differences between the two groups of children. ^ 

Dr. Harold C. Hodge, professor of pharmacology at the University 0 
Rochester School of Medicine and Dentistry, gave fluoridation a clean 
bill of health, as far as safety is concerned. He said that the key to t 
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whole safety question is that the kidneys eject fluorine into the urine 
almost as fast as the human being drinks it Apparently only a minute 
fraction is retained to strengthen teeth He sees no danger of fluorine 
poisoning. Opponents of the program ha\e argued that the method may 
yet prove dangerous, that there have been cases of ' fluorine illness, - and 
that the chemical could be applied to teeth in other ways. 

At least two other studies have been carefully recorded. The first is the 
health study of a group of people who have been drinking fluoridated 
water all their lives in Bartlett, Texas, compared to a group in nearby 
Cameron, who drink unfluondated water. Second, a statistical observa- 
tion has been made of the matched populations of 
drinking ami sixteen non-liuoride-drinling aties to check long-term 

^“examining the results of stud.es like these, one needs to be con- 
vinced of the reliability of the data. Are there, for instance, any “hidden 
factor^^sbielimmrhrve affected the end result but which do no. appear 
in the evidence adduced? ncwl )o etamine lhese rad 

newcr*findtngs| Hs^cn'toV™ 50 ^ ^j^i.^e^sup^es^Nhiyor Wagner 

MS o answer these four ,p,e, 

“T^tootrs^so^”'^™ *• *• ^ ,hai towe 
should be put in city water? d ^ ^ water is treated? 

-■ Wliat will be the , , he best and most economical way 

3. If fluoridation is adopted, what is 

to make the fluoride available. water, the fluoride will 

4. What guarantees are there tot, ftp ^ 7 , leaWl? 

be harmless to Individuals and b t^ ^ ^ asAm . , he ro!e of research 
There is excellent maten. o[ ton(; I u uous on the basis of 

the weighing of evidence t he r . d(jMn in „,,, £na l outcome, 

the available evidence, and Uie_to rf Hea „ h and work through 


me avuiiuuii; v»* „ , » 

Could your class perhaps play 
this problem? . f „ international group of experts, your 

To learn the collective vie s o ^ Wotla Health Organisation, 

students might study ‘he fat (CotamHl University Press, 


Expert Committee on 
New York, 1958) 


w SuDDly: Planning 

(Mi. Increasing Our W students to examine the 

Preventing Water Waste at Hum • y B mi ht measure the 

sin drip to They might then calculate 


faucets 

waste 
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Lte (in gallons) for 1 hour; 1 day; 1 month; 3 months (dm usual period 




(0 Sew type ls>»t (b) S=»<Ios'ngfso«t <c)Ba!Mjpeto»t 

Fig. 6-9. Three common kinds of faucets. Repairing faucets saves water- 

dents note the difference between hot water and cold water w’ashers. 
Demonstrate the repairing of a faucet if more than the washer nee x 
placement Instructions for faucet repair may be found in j 

Teaching of Conservation and Resource Use , page 191 (Sea 1 ^ 

Your students can now take on the job of repairing the leak)' faucets 1 
their own homes. ,. . 

Show' the class how a leaky toilet flush tank can be repaired by adj 
ment of the float or by replacement of the plunger ball. Detcriorat 
examples of these items can be compared to new’ parts and hints g*' en 
as to how to make proper adjustments of each. . 

Discuss emergency measures that can conserve water during disnw ^ _ 
ing, laundering, and bathing. Your class might compile a list of doS 
and “don’ts” for emergencies. , , 

Tilings That Industry Can Do. Can water be recycled or reused > 
industry? Have a student report on the successful reuse of water at 
Kaiser Steel Company in Fontana, California (Fig. 6-10). Another sW 
dent might End out about the use of treated sewage effluent by the 
lehem Steel plant near Baltimore, Maryland. _ , 

Things That Communities, States, and Regions Can Do. You mig ^ 
show the movies from the Living Water Series: Nature’s Plan and 
Problem (Encyclopaedia Britannica Films). The emphasis is on 


importance of proper care of our watersheds. There might follow' a 


class 




rig. wo. m. water system or to steel "" 

of water, even tliat from the plant sewage. (hater Sled Corporal, on.. 


o! water, even uiai i«um u«. o • 

discussion on important water consentlUon ^measures such ^"jtadng 

"Td 11 '’ ‘STuHf £2!£mrf orS „^«SSn students suggestcl, anger 
redu-^f evaporation end transpiratron lo.es 

in certain areas (Sec. 3-14)? -a vvatc r by artificial re- 

Examine tiro st.ggcs«oni ofrepl S ot ordinary surface 

charge with flood xvaters, tre t d »J5 ( mVrMim „/ Waste Holers 
water. Write for a Sutlcj 0 / c acrame nto, Calif-). 

(State Water Pollution Control Ho: ird, (Sec . u . 5 )? Discussion 

Wliat about desalting sea water ' ay <*„ s . 

m t,™‘h"h^U S on t'h= efficacy of cloud seeding as a 

''periiapTyi^ >0' '°J C £' C ^ to™d KTthfo Mating of 

by the Bureau of Reclamation. surface of water in a laboratory 

hcxadecanol (cityl alcohol) s P r * ad °, * st ^thirds. The Department of 
setting cuts evaporation losses by whe[heI tWs method will work on 
the Interior is experimenting o 

large water areas. 


UVKC THINGS AND THEU. TNVmONMTNT 
article! Maldng^Fater Plentiful', was written »X " “, y prob . 

le ^ m maf: "pollutn” ^—Haws. rigidly enforced, do for 
™LrSe;LchNeeded.f t ma y bethatai "*£££?£% 

more about certain natural phenomena, new and unport 

age of soil erosion and sedimentation with an efficient water 
The odier side of the problem of too little water is the prob ® 
much water where it isn’t wanted (Fig. Ml) . We are sb 1 fa from 
knowing all the answers to the question of controlling floods 8 

we do bar how intimately the soluHon to die problem is hnked to pr p 
watershed management. 
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Much research is now going forward on all these problems, some of it 
private, some of it government-sponsored. The Cosseeta Hydrologic Lab- 
oratory in North Carolina, run by the U.S. Forestry Service, and the Water 
Research and Information Center at Tesas A. & M College are two im- 
portant projects. Your class might write for literature. 

1 Some of today's students will tomorrow be in the forefront of research. 
AH of our students will be citizens and with them wdl rest the ^decism , 
directly or indirectly, as to whether basic research will be adequately 

'T^lnv Hero is something your elass might want to 

1956 President Eisenhower sent Congress a long-range 
program for deve'op^ dealtag^vath 

wirier re^urces! ^"f’^^^^^lQ^^^Mn^Eisenhowm^id that the 
In submitting the report 9,| ’ s ad „ pt5 - wi ll have a profound 
water resource policies the Unite oericultural and industrial 

effect in the years to come upon our domestic, agneul 

economy.” „r ,l,i, committee, and what Congress has done 

The recommendations of tins ma kc up-to-the-minute mi- 

and will do with these ” ntl u | J, CT students have become fa- 
terial for class discussion, our country. Sludents may 

miliar with the water «J«P scd th „ steps taken in a democ 
follow closely, once their interest is 
racy as it tries to meet a national need. 
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A Study of the Soil 


In this chapter you will find a selective study of the soil: how i is 
formed and what are its biological, physical, and chemical characteristics^ 
This leads to techniques of soil testing and soil improvement. Aspects o^ 
erosion and erosion control are included in a section on keeping the soi 
where it belongs. 

HOW SOIL IS MADE 

Perhaps you would like to start a study of the soil with a film f r0111 
the Living Earth Series called Birth of the S oil ( Encyclopaedia Britannica 
Films). 

7*1. Profile of the Soil 

When it is possible, have students examine an exposed, vertical sec- 
tion through soil, such as an area where excavation for a building is 
under way. Other times it may be possible to dig down several feet along 
a slope. At times you may find a washout of soil along a slope, so that a 
vertical cross section is already present 

What sorts of layers are found? Do the layers differ in color, texture, 
or composition? Why? Where are nearly all the plant roots found? Tn 
the road builders' soil test (Sec. 7-7) on soil from the different layers* 
What can be learned by this means about the composition of the layers- 
From these layers, take samples of soil and find their differences in the 
amount and kind of animal and plant life (Sec. 7-6). 

Students might examine soil samples from various localities by means 
of a soil auger (Fig. 7-1). Students may enumerate several factors that 
liave changed bedrock to subsoil. How lias topsoil been formed? Later 
you may want to indicate the role of topsoil in holding water. 
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7-2. How Rocks Became Toxlot Sod rocl?s in so fl formation. 

To lead into a discussion of V 1 ’ PJ feathering ol reels. Per- 
students will need to learn so t j, at j s beginning to crumble. They 

haps they can find a samp e o g Ene sanc i s t one and rub them to- 

might take two pieces of in** sll0U ld succeed in obtaining a 

gethcr. After quite same rubtag, jn nJl|irCi is (U , “rubbing' ae- 
very small amount of flue materia . 

complislied? _ 6c U trip ask students to look for samp es 

Weathering by Frost. On H ^ wi(l , wat cr and allow 

of soft rocks svith cracks i cm ^ permits , or m the freezin 

the water to freeze A s the water expands "f ‘ 

unit of a refrigerator, if it ^ mig h, aho ay the Barrd test (Sec- 
may widen the “ a<k .? !0 “.. J,aiUons and at what season would frost 
13-18). Under what china 

bo the main weathering foree^ Con , rac ,; 0 „. Students may air^dy k-mw 

Weathering by Expand > » , cmpe rature changes on : rocks. Some »i ™ 

something about the „[ sandstone thrown into such 

recall experiences « campfires. A p 

Bre will perhaps “explode- 
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In the laboratory you might heat very thoroughly a piece of rock com- 
posed of layers (shale or slate) on a hot plate for several minutes. 
Quickly drop the rock into a pan of ice water. The rock may crack. 

Students might examine at close range rocks that reveal exfoliation or 
peeling away of layers. When rocks are heated during the day there is 
expansion of the materials in the rock. At night sudden fluctuations may 
bring the temperature below freezing. Tiic alternate expansions and con- 
tractions in rock cause exfoliation. This mechanical weathering due to 
fluctuations in temperature is prevalent in arid regions as well as in moist, 
cold ones. 

Weathering by Chemical Action. Pour dilute hydrochloric acid on lime- 
stone. Note the action. Chemical decomposition and solution may be the 
main weathering forces in seasons other than winter. Your students 'rill 
recall that roots of plants give oil carbon dioxide (See. 3-13), which 
becomes carbonic add (Sec. 7-10) in the soil. Students should be able to 
explain how mosses, lichens, and seedlings aid in chemical weathering. 

Chemical weathering has great effect on breaking down rock in equato- 
rial regions where there is heavy rainfall and soluble materials are carried 
away by the percolating action of water. 

Perhaps this is the time, too, when students may want to compare this 
wearing down of rock with the formation of sedimentary rock from soil 
as shown in a sedimentation Jar (Fig. 7-2). What effect has the enormous 
pressure of water on this rock formation? 



Fig- 7-2. A soil sample is shaken up with water and allowed to settle. 
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Is tlie pulverizing of rock all there is to the making of soil? To answer 
this question students might plant seeds in two flower pots, one of which 
contains soil and the other of which contains rock that has been crushed. 
Water both equally. Note results over a period of time, after the seeds 
have germinated. 


7-3. Plants Arc Soil Makers 

Plant! That Start vtitli Bate Rock. Student! might, on a field trip, 
examine bare rocki and make note of the lichen! (See. 3-18) that cling 
to their surface. Lichens are able to dissolve a small part °f the rock sur- 
face as they grow, thus forming minute amounts of soil Students maj 
notice that mosses and ferns are able to gain foothold on seettons of 

rocks upon which there is a vestige of soil. , . 

Pioneer Plants. If you can find exposed sand and g> fi r “ 
bed that has changed its course, students nngi m 
plant invaders. These are usually annual weeds that hdd th ™ 
era, slulfin place. 71, e new 

their droppings add organic matter, I | rsthan d the continuous 

Leaves Add to Soil. Students max study at nmn # 

progression of dead le "'' CS ^ass and leaves from a garden 

visit to a place where you *' * of ves on the floor of a wooded 
kept in a compost barrel or the la; of | f lves Can they he 

area. Have students examine the upp buricd several inches? 

identified? Can students also Kfcnl J.. 'J , b doOT1 ? What organisms in 
What has happened to the leaves ^ ^ ^ balance 

Ihe soil ore responsible for these ell, g , deca y disappeared? 

nature would result if soil fnngl and the baetena 

7-4. Rotting Wood Builds Humus 

Students might bring back tarn. Md *P ““^‘^Hes Sttg 
old tree stump or log. They mxg „ fom , in g part of soil humus, 
organic matter to the sod and e i t f ^ retKd woodi crumble 
Suggest to your students thls , totj Pour water onto the xvood and 

it, and put it in a container. We^h WI^P ^ ^ Let * stand long 

let the wood absorb it, ill ' d, "f lrtl ,l y saturated. Drain off any excess 
enough for the xvood to be CI "^ ^ cigh , be xvet xvood and 
water, but do not squeeze the xvood- b ^ has absorbed four or 

again. Usually the results show ta > ^ soaking up and holding 

more times its xveight * Wa '^Se good humus in the forest soil, 
rain xvater or melting snoxv, helps max g 
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BIOLOGICAL ASPECTS OF SOIL 

7-5. What Malics Up a Unit of Soil?' 

Wien on a Gold trip, blocks of soil about G inches square and 6 MM 
deep -ay be cut from different areas such as -eadorvandwo^ W'Cn 
these are brought back to the classroom, the clods ^nay be br k P 
paper towels (Fig. 7-3). All plants should be rem .° roots 
shaken free of soil and small animals. The various kinds P""' 
and animals (snails, insects, worms, etc.) may be P la “ d ' n ^ ? bc s f flc( ] 
or put into jars. After the sod has dried sufficiently J Ecrecn ed 
through y,-, 1 / 1 -, and Vio-inch mesh sieves and made into separate scr 



Fig. 7-3. What do you find in a unit of soil? 

piles. The various plant and animal fragments may bc separated ou * r0 ^ 
each. Students might compare the materials found in the various b 00 
of soil. How do they differ in animal life and decayed plant matter? 

7-G. What Living Things Are Found in Soil? 

Your students may make a more careful study of the living organisms 
found in their unit of soil. They might look for earthworms, nemato ^ 
worms, sowbugs, larvae and pupae of insects, eggs of small reptiles. ^ 1 
is the role played by these living things in making a healthy soil? T ^ 
students might examine bits of soil under the microscope. Sample 5 0 
soil may also be incubated on petri dishes that contain nutrient ag 
(Sec. 18-la). Many kinds of bacteria and especially fungi should become 
apparent as colonies. The USDA Yearbook Soi/s and Men (1938) ® 
scribes a great variety of organisms, plants, and animals found in 
soil. 

* Many of the techniques described in Secs. 7-5 through 7-7 were adapted f forn 
Conservation: A Handbook for Teachers (Sec. 19-2&). 
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Students may also explore the living organisms in a decaying tree stump 
or log. 

PHYSICAL ASPECTS OF SOIL 
7-7, Some Simple Tests 

Crumble Test. Students might bring to class sample^ 
of soil (forest, open field, clay, loam, or san ysm to ^ pmches 

** 0 , sn„ m 0 , 

C t y I~ F eer of 

s ** is ^ *• p,as,,c and 

sticky when wet. , - « Tcst \ Using sedimentation 

Particle Size Test (Road . “'J y Iowing test on various soil samples: 
jars, students may perform ^ the H full of water, enough 
If a quart glass bottle or jar is t j, at t ] ie water just overflows, 

of the soil sample should be poured b( , well sba ken and then 

With a band or a cover over the 1”. 

allowed to stand until the “ Ue '' „ in tbc b[)lt ]e (Fig. 7-2). Where 
Students will notice the layers o tES|ed 5 , udent5 may make a 

arc the biggest particles? For ea P marking the location of 

record, by holding a card agamst |aMed (sand, gravel l.umns, 
the various layers. Each layer f v-ffl notB significa „t differences 

day). As students compare the car* J ^ why would a test like 

depending upon the kuid o' sod they 

this be useful to road bmldm? Soll A group of students might 

Percentage of Sand, Silt, a g tablespoons of fine so 

End this an interesting ex P cr ^ full lf water. After aUowng it to stand 
in a pin. jar about f'^""in.o a second jar. What remains in 

becn standing 5 minn.es, pour ^ 
water to die thud 1 ffl - ^ ^ day when the water 


silt. Now add more ^ 'tffl the neat day. When roe — 

it stnnd for a fcw^ fc almost altogether ^ mMOTre the ir 

“ studentTmay S2 



26 LIVING THINGS AND THEDt ESVIBONMEST 

^ Compactness Test. A pencil or 

into tlie soil with the palm of t e an woods, playground, 

this technique on various areas and round give 

a^ough^comparison^of th^cmnpactne^of^e soil^n^he 

“iT 'SasasiKjas 

anything to do with the absence of grass from a path. Ho 

m trcda.io 0 n mP a a nd ? Capi«ari,y. Which Kind of Sod 

Water? Bring the demonstration in Fig. 7-4 to class. In p p S 



Tig. 7-1. To demonstrate the water-holding capacity of different kinds of sod- 

funnels, first insert a hit of gauze or glass wool into the stem c3 ^!‘ 
Then fill one funnel with sandy soil, another with loam, and a third w* 1 
soil rich in clay. Have a student pour equal amounts of water into eac 
funnel. If you use graduated cylinders to catch the runoff of water, s* u 
dents may be able to describe their results with more accuracy. Wm 
kind of soil permits water to pass through most quickly? How' can t ' 
difference in rate he explained? What is meant by “percolation"? Com- 
pare both the amount of water and the amount of sediment from ca 
soil sample. Which kind of soil retains the most water? Is water left stan 
ing on the surface of any of the soils? Would this kind of soil be good for 
gardening? Pour more water on each soil sample. Which soil allows water 
to pass through it readily, yet docs not lose much soil? Which soil ad* 
most like a sponge? Docs the crumble structure (friability) of the s0! 
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have anything to do with the ease with which water enters and is ab- 
sorbed by the soil? What ingredients might be used in preparing a good 
soil for crops? 

Which Kind of Soil Absorbs Most Water* At another time, you may use 
tlie same demonstration as in Fig. 74 for another purpose. Instead of 
pouring water into the funnels of the different soils, fill the graduated 
cylinders with water and watch the rate of absorption of the water from 
the cylinders by the soil types. What hind of soil seems best for absorb- 
ing water? In which kind of soil materials would plant roots receive avail- 
able water? What is meant by vadose water? 

One student might reproduce the demonstration using f™^™*** 
wick, as shown on page Ml of the USDA Yearbook Wat er ( 1955 * Here 
you will find described cap.llarity and the hydrosUt.cpr.nc.ples involved 

Soil granule 

Atr space 



Unavailable water film 

Fig. 7., Soil particics ““ ^ ^ ^ 

toll. (Cornell Rural Uafct. col. 19. "»• 4 > 

. , ,tcr in soil regardless of the soil tcMure or stroe- 

in the transmission of water i 

ture, . „ c w)eriments students will come to 

In performing and discussin, ? a ]ot do will, the ease 

realize that the amount of. ap™ ' gained (Fig. 7-5>- I” 0 

of water’s flowing through » „ , lirou gh readily but still 

gravelly soil, with Its smaller spaces beUvecn 

not be held. Loam, on the other „ ie slowly and retain it for a don 
smaller particles, "® ^fc'only one of several 1 soil r ^“"™ ) C amm , nt 

time. Far tide size bos. ever z lhcrs are acidity (See I 

considered in studying sod . Som ^ t , liable to plants 

of organic matter (See- drainage. 

7-11), and internal or subsu 
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CHEMICAL ASPECTS OF SOIL 

c - -■• ■ 

“""for your ? dents 'f 

they will need a working knowledge of a<nds, base , ^ saltS) 

Or, vice versa, when your students are studying . { ^ siin » This 
direct applicaUon of this knowledge may e ^ alkalinity of the 

will lead to learning ways in which improper acidit) or alkaim > 

■IC'irrXSStd How Does 1. Act? Prepare dfhi.c solutions of 



possible.) 

four common acids, hydrochloric, sulfuric, nitric, and perhaps tartaric o 
acetic. (Always pour the concentrated acid, especially in the case o 
furic acid, carefully into the water.) Students may test each of these ■ ^ 
tions in tum with any of the following which are available: red and 
litmus paper, hydrion paper, bromthymol blue solution, phenolphtna 
solution, methyl orange solution. 

Ask students to try the action of each acid on granulated zinc ( uS ^» 
powdered zinc with tartaric acid). In every case except nitric acid, a 
for hydrogen may be obtained by applying a lighted splint. ( Nitric 
being an oxidizing agent, releases various other gases, depending on 
metal used and the concentration of the acid. ) , 

They might try the action of each acid on marble and test the evo ' 
odorless gas with limewater (Fig. 7-6). In the case of tartaric acid, p re 
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cipitated chalk (finely powdered calcium carbonate) should be used. 
Why? 

In each case, the product is carbon dioxide. Elicit from students that 
this test may be used to identify a carbonate. Later they may use this 
test in soil analysis (Sec. 7-11). ... j 

Have students compare the formulas of the acids they have used. When 
dissolved in water, any acid supplies hydrogen ions. As your students 
advance they will want to learn that the hydrogen ion (proton) is a very 
additive particle, forming hydronlum ion (H,0)+ with water ; 

What Is n Base and How Docs It Act? Prepare dilute solutions of four 
common bases: sodium, potassium, calcium (limewater), and a ™" oni ^ 
hydroxides. Students may make the same indicator tests for bases as for 

fingers well between each test Sodium end potassium hjntoM" 

n particularly slippery, soapy r „„ e |, the solution ot a base (Fig. 

carbon dioxide may be lobbied J then be iemoved 

6-2) lor about S minutes. The treated so ^ >dd (Fig . 7 . 6) . 

and tested for a carbonate by ad g ^ ( , le i im ewnler milky when 
There should bo effervescence, "li termed? Ibis reaction 

the tost tube is shaken. What when moist, forms 
has application In soil ““““Std ioTcid md to neutrafee it. 
the base, calcium hydroxide) is a your students will sec that 

Examining the formulas of severs . ^ dissolv(>d ^ , vater these 
bases nil have OH radicals in common. , . tlle similar characteristics 
become hydroxyl ions, which are responsible 

of bases. , n-epc Get Together? Laundry soap 

What Happens When Acids mid lo a half test tl ,be of water 

may bo used for a base. Students m g ^ dis!0 lvcd by heating, 

a piece of soap the size of a pea. T1 ^ rf >vater a „d tested with 

HalE the solution should be P°“ e ' f a]]ed with vinegar (tested with 
litmus. Another test tube should bo then be added slowly to 

litmus to reveal its acidity). The vrncgj ™ V 11Bnu s of both colors 
the soap solution, which is tested fre, en^ ^ s(op ,he neutral 
If this experiment is performed car« . Ied iem ains red. 

point, when the blue «■--*££, is to dissolve a 
Another way to perfo i lin dled with the fingers) - 
sodium hydroxide (not >° IS cubic centime.er. of^he 

centimeters of water rn a es evaporating dish an i u - j 

solution may then be poured into an^ s „, ul io„ should be stww 

chloric acid added, a little „, c( gla!S stirring rod to litmus 

constantly and tested by a PP 
until there is no basic reaction. 
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the 5 * centimeters of 

and the add should be diluted to one-fifth d»*£« ^ „, e 

diluted solutions of acid and base may ““ £ c L.tml or end 

solution in the evaporating dish, to bring the 1 

point where it affects neither red nor blue j a void- 

F Students may evaporate the neutral solution s > It O b ,, ? 

i„g spattering. Tlie residue may ^ t . e “™"oH- of *e toe unites with 
Help your students to become aware that the O leaving 

the H+ of the add to form the almost un-iomzed water, HO , 

the salt Na"Cl", in solution. r i a 

For more advanced students neutralization may be pert 
quantitative experiment with some additional knowledge, fiequir 
pare 10 grams of sodium chloride by neutralization: rrau ired 

F Calculate the weight of chemically pure sodium ll >J d ™ X , This ^ hou ld 
and the weight of concentrated hydrochloric acid needed. ( 
be thought through by the students with some aid, if necessary. I 


x grams tj grams 10 grams 
NaOH + HC1 NaCl + HsO 
40 36.5 5S.5 


Weight of pure 1002 NaOH 

Weight 1002 HC1 

Weight of cone. HC1 (usually 3S2) 


10 X 40 
53.5 


: 6.S grams 


10 X 36.5 _ 

!/= -5bF“ = 6>2 g 

100 

— x 6.2 - 16.3 grams 


Volume of cone. HC1 


Weight 

Density 


16.3 


cc 


Weigh the sodium hydroxide in a weighed evaporating dish 
dissolve in 25 cubic centimeters of water. Allow the solution to coo. 
Measure out 14 cubic centimeters (a slight excess) of concentrat 
hydrochloric acid and dilute it with water to 25 cubic centimeters. 
it into a burette. Allow 20 cubic centimeters of the hydrochloric acJ 
to flow into the evaporating dish. Add a few drops of phenolphthajein 
solution. Then pour the 25 cubic centimeters of sodium hydroxide fa to 
the dish. Stir well. The solution should turn pink. From the burette 
add the hydrochloric acid, a few drops at a time, stirring well after eac 
addition. The color may deepen as the neutral point is approacn * 
The acid should then be added drop by drop. Consider the neutra 
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point reached when a single drop of acid changes the pink color to 
colorless. 

Evaporate at once on a water bath. Why 5 (Since the experiment is 
quantitative, spattering is avoided.) When the water lias all evaporated, 
heat cautiously and then intensely with a bunsen flame directly under 
the dish to remove any traces of acid or mechanically enclosed water. 
Continue heating until all snapping and crackling (decrepitation) 
ceases. Weigh. Taste. 

If desired, students can purify the crystals by dissolving them in 
water, filtering and reciystallizwg, removing each crop of crystals as 
soon as an appreciable quantity has formed and long before the filtrate 
lias evaporate.] to dryness Tliesc crystals may then be cammed under 
a microscope and preserved. Students can make mierophotographs of 
these crystal structures by means of camera and miaoscope o cnla'g=r 

pH. The Acid-base Measuring Stick. Test a sample of dolled water 
with litmus paper of both kinds. Students vv.ll find that there 

The position of water ^ ^ ‘bftoisrf S 

of the pH scale (Uv 7 IncrcasingV “Xg, hoi 
and how It con bo used. Contn.t o p ^ P ^ Jllgar mmu f ach ,r. 
it has many other applications « » • 1 canning, jelly making, 

tag. water purification. paper maUng ^erTology and medicine, 
and other food industries, as well as in l-actcr.o. gy 

M. Soil and Its pH between 4 and 8 (Fig. 

The pH value of most soils Ml* * *' ^ skle ) , s desirable for 
7-7). A pH value of (55 (just a bit acj{l ;1S a result of losses 

most crops. In humid regions, soi • elements as calcium, mag- 

by leaching and crop removal a ' « ^ ^ semi<irk l regions one is 

nesium, and potassium (See. • 

apt to find alkaline soil. „, v collect samples of soil from dit- 

Testing Soil for pH- St “ toU “L “oil ^ , woode d area, from 
ferent regions, such as rich gar J a l 0 ng a whitewashed wa , or 
a bench, from a desert area .f P°*' b ’ ( the surface as wet 

from a swamp. They may should be packed mdi- 

as samples about 5 inches ^ d j n a bucket. , 

vidually in newspaper and torn P le u . a) .. Moisten s P 

In class, students may ««t ®d each color on indundna gbss 
blue and red litmus paper "“! 1 Jmple „„ the top of the stops 

slides. Place a pinch of one soil samp 
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on one slide. Then do the same HtTwhen students 

- sou. Perhaps the scU ^o„,d he able 

,o see whether the soil is acidic or atohne. 

Have groups of students check each other, 
each group using different todlcal °^l ' 
7-S). When a liquid indicator is used, hare 
students place a pinch of the sott sample m 
a small watch glass or white dish. Then add 
a bit of the liquid indicator such as brmn- 
thymol blue or others you may 
the dish so that the color of the liquid m > 
be examined. . 

Press a strip of hydrion paper into a 
sample of various kinds of soil. Using 
color guide on the roll of p a P CT ’ ^ 
which soil is most acid. Are any neutral. 

Procure a pH test kit from your count 
agricultural agent or from the depaitonen 
of agronomy at your nearest land grant co 
lege. Follow the simple instructions accom- 
panying the kit. . , 

Simple inexpensive outfits for soil acic 1 ) 
tests (pH) may be ordered from SoU-TeX, 
Edwards Chemical Company, East 
Mich., or from La Motte Chemical Frodn 
Company, Baltimore, Md. . , 

What Causes Soils to Be Acidic or Basic^ 
Test with hydrion or litmus paper decays-, 
organic matter and limestone (parent xna 
terial). These are two factors which ^ 
the pH of soil. Another might be leachin = - 
The pH of the soil, however, is only j 
factor among many that affect the kin ° 
plant communities existing in a parti eu 
soil. 

Is the pH Correct? Test the pH values of gardens, vegetable P atc ~^ 
and lawns in your vicinity. Is the pH correct for the use to which 
soil is put (Table 7-1 )? ^ 

At times, a very acid soil is desirable, for certain kinds of 
grow best in soil somewhere between pH 5 and 4, for example, azai 
certain ferns, hydrangeas, ladvslipper, sheep laurel, sweet pep per bu 5 
stagger bush, trillium, maple-leaved viburnum, mountain ash, pitch p*® e * 
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. same with other slides and other samples 



Fig. 7-7. The pH measur- 
ing stick for soils. 
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Table 7-1. pH Values Suitable for Some Common Crops 
pH 6.5 to pH 7.5 alfalfa, sweet clover 

pH 0.0 lo pH 7.0 red »nd .UK clo.ee, .ope becU, eobb.ge, been., pees, coe- 
rots, cucumbers 

pH 5.5 eo pH 0.5 ..beat, «... baeley. rye. — • 
fruits 

pH 5.0 ,o pH 5.5 potatoes, tobacco, —loos, bleebeertes, eeeeaoe Bo.ee, 
pH less than 5.0 soil usually too acid, should be hmed 

tr n few plants that thrive in slightly 

scrub oat, among many. Here arc 1 J mol , nla! n laurel, juniper, 

aeael soil of a pH between 5 and ; f goldemod, vvinteegeecn, 

apple, hemlock, linden, mos :oa ^b S chokeb eny. candytuft, 

Virginia creeper, coleus, begonia, ) J 8 t0 SOi supports 
chr)’santhcmum. Almost neutral s . . lilac, crocus, grape 

such plants as barbeny, pear, cherry, elm, 

hyacinth, alyssum, crab apple, locust, * arc we u known, a 

ash, ailanthus. When these p an * soi ] ^ he recognizes a few 

student may be able to judge t re P a ^hat happens when soil 

of the kinds or plants growing to a and possi bly make 
gradually change, its P* " o( S* will succeed each other 
the soil more alkaline? Wn 

in this area? ortlin ity to develop a nature ai 

Incidentally, if you have the _<W°| | ,n V ^ ^ t0 remedy the 
(Sec. 9-5) or outdoor garden (S M) > ^ set „ p n soil-testing 

pH of the soil for some ! rf em? 

service for neighboring la. 

7-10. Chemistry of Soil Conditions m fl conditions 

Students can understand to « £ F1 „{ they will need to 
r 6 ”** “JS S bLicTod acidic (or 

sodium) in a cl “" *^en flame downward an ' d , M , „ith 

focused nonluminous , d f eW drops o 

burn it. What is the result? a]Klv , nun , a 

*“?”*• all niece of calcium as in the P“J““ tar , allosving the 

Bum a small piece u ... on ove r a clean w ater and 

formed. Coing back to tire p 
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Line a defhgratmg spoon with asl PP n int0 a clean 

of sulfur. Ignite the sulfur m a flame and ^ ^ 8 minute 

bottle of air. Bemose .1 when the sulfur 1 as b shake. Test 

and add a few cubic centimeters of water to tie 

'' BepcTlhc sulfur test using red phosphorus ‘"’’“''j^'thccharcasl 
Bum a piece of charcoal (car bon) m a bottle of mr ^ Adl , 

until it glows and tlicn hold it by means of a forceps in 
a few drops of water, shake, and test with litmus 5 , ul ]ent 

In cases of the sulfur, the red phosphorus, and the carbor , U 
has been dealing with acid-forming (nonmetalhe) e • 

edge, too, has application in soil chemistry as, for example, when 
is used to overcome alkaline soil conditions. 

Wha, Can Be none to Correct Acid Soil? Students 
weak acid, like vinegar, with litmus. Then, ask them to add 
of the acid some powdered limestone or precipitated chalk ( 
carbonate). Effervescence will be noted. Water may be added ^ 
residue, which is then tested with litmus. Tlie acid reaction 

8 Liming is the process used to correct soil aridity. This M^wbin 
adding to the soil ground limestone (or sometimes hydrated an 
lime, marble dust, mash, chalk, or oyster shells). The hmeston 
act on the acid in the soil and in addition will restore to it cal icr u • ^ 
the case of dolomitic limestone, magnesium as well as calcium is a ^ 
to the soil. In practice, one neutralizes an acid soil by adding p°" 
limestone, about 80 pounds to every 1,000 square feet of soil. 

What Can Be Done to Correct Alkaline Soil? Sulfur, as the s u ^ 
has discovered, is an acid-forming element. Powdered sulfur sprea ^ 
the soil slowly oxidizes, eventually forming an acid that is ab e 
neutralize the alkalinity in the soil. A student might like to try this ou 
In practice, when acidifying soil, about 25 pounds of flowers ot su 
are added to 1,000 square feet of soil. . ^ 

A fertilizer can be added to increase acidity of the soil if , 
selected so that it will hydrolize to produce an acid reaction. 1 
ammonium sulfate is added to increase both the acidity' and the 
content of the soil. If the nitrogen content is already high enou 0 
aluminum sulfate may be added. , 

Hydrolysis. Your students will need to understand hydrolysis in or ^ 
to comprehend the chemistry involved above. Conversely, if you happen 
be studying hydrolysis, the above may be used in a practical applicab^ 
To learn what is meant by hydrolysis, solutions may be made of 
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following salts: sodium chloride, sodium carbonate, ammonium sulfate, 
and aluminum sulfate. 7< xt e<»« h witli pink ami blue litmus Vnir students 
may be surprised to find that only the first is neutral, the second bong 
basic while the other two arc decidedly acidic. They will want to know 
why. Refer them to a chemistry' textbook for explanation. 

7-11. Identifying Dissolved Minerals in tbe Soil 

Soil and Its Minerals. Students might add equal volumes of distilled 
water to weighed samples of good soil and of poor sod The mixtures 
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portable rapid-soil-test kits: 

La Motte Chemical Products Company, Baltimore, Md. 

Sudbury Soil Testing Laboratory, South Sudbury, Mass. 

Urbana Laboratories, Urbana, 111. 

Edwards Chemical Company, East Lansing, Mich. 

Using quick, commercial tests, your students may malic a *°'' 1 ^ 

o! the various soils in their community^ Students may cc P by 
nutrients in samples of topsoil, subsod, vtrgtn soil, and fie d ) 
tesUng. They may test samples of commercial fertilizer and of > ^ 
manure for plant nutrients. Or they might submit samples of U 
around the school to a state laboratory for analysis of availa P ^ 
nutrient content. At this time you might want to plan a fie! P 
see soil-improving practices. indents 

A Chemistry Project in Soil Analysis. When your chemistry . 
have learned the tests for common anions (ions which migrate ^ 
anode and hence are negative) and cations (positive ions), tl1 ®)' 
do a simple soil analysis by applying their knowledge. Some o 
are not the tests ordinarily used in commercial testing kits, ou 
the student has become interested in soil testing and understan ^ 
chemistry involved, he may want to go on to the more professio 
kind of testing and even delve into the chemistry of the more complies 
tests, which involve a good deal of organic chemistry. -j . 

Here, then, are some of the tests interested students can quite 

perform. ^ c dis- 

Mafcing a Soil Extract. Put *4 teaspoon of soil in 10 milliliters o 
tilled water. Shake for about a minute, and filter. (The filtrate co 
tains the dissolved substances in the soil.) . 

Testing for Nitrogen. The nitrogen in the soil will be found as nitra 
or nitrite anions, or ammonium cations. 


nitrate. Using a little of the soil extract, add a cold, concenl 
freshly prepared solution of ferrous sulfate (made by grinding 
crystals with a few cubic centimeters of water). Then pour 


itrated. 

few 


cubic 

the 


centimeters of concentrated sulfuric acid through a thistle tube to 
bottom of the test tube (or carefully down the side of the slig ) 
inclined test tube). If a brown ring forms at the boundary between 

* Careful directions for a complete soil analysis, alon*» with reagents to prep 31 * 
and color charts to procure, are given in Text It Younelf l (Sec. 19-2tc). 
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the acid below and the solution above, the original solid contains a 
nitrate. 

N-rrarrE. Repeat the test for a nitrate, substituting acetic add for 
sulfuric. A brown coloration throughout indicates the presence of a nitrite. 

ammonium. To a sample of the soil add a solution of a nonvolatile 
base ( e.g., sodium hydroxide). Heat gently, if necessary. If a gas comes 
off which has the odor of ammonia (and which produces a white smoke 
of dispersed ammonium chloride when brought near a filter paper we 
with concentrated hydrochloric acid), ammonium ion is F e * ent - 
Testing for Phosphorus. The phosphorus in the soil is in the form o 
phosphate and can be tested in this manner: F 

P phosphate. To the soil attract add a few cubic conhmeto of am- 
moniiim molybdate solution made sl.gi.tly aod wrth mtrte .a d d. He a t 
gently and watch for the Formation of a yellow- preap.tate of ammon.um 

pl.osphomolybdate, * W *^]^ a l Sta r ha pStJ,!«ni, which erists 
Testing for Polasmm. The ," rith cobalt glass. Dip 

in the soil ns potassium .salts .is the tome 

a platinum wire into soil moistened n . lavender or orchid 

hold in the outer edge of a nonlummous visible, par- 

flame coloration is characteristic. This rna> ^ J ^ though 
tlcularly when other metallic ions arc pre • will reveal 

two layers of cobalt glass, and the ^ B„e, when , dewed 

the potassium. Tl.e characteristic fai mt red p t ^ um _ (The b1lle 

through a spectroscope, ^ spc ,L> s cope.) 

line is hard to find with a small, *T . s0 ji j n jj, e form of salts 
Testing for Calcium. Calcium, too, exists in 
of varying degrees of solubility. .1,^ solution. If a w ^'| e 

To the 5 soil extract add — rj^c -d but insoluble 
precipitate forms that proves so u t 

in acetic acid, a calcium compoun P ^^jon to a nonlummous 
A calcium compound confers an o c j, aracte ristic green and 
bunsen flame. This coloration * e . a spectroscope, 

orangish-ycllow lincs When viesv-ed thmug^. Jf ^ # sampl e rf the soil 
Testing for Common Anions, ca effervescence and the ga 

some dilute hydrochloric acd. « , carbonate is pre en> 
that escapes is odorless and turns . chlorlde solution. aw 

sulfate. To the soil extra. rt . ^ a sulfate is present 
precipitate insoluble in by roC 1 ' manufactured by BauscK and 

-a L, direct-vision ^ ^ 

tomb, 730 Filth Ave.. New Tara, HHrnals Center 

laboratory. e.imscopc kit put out / v e w York. 

An inexpensive color and spe Science. 59 F° urt 1 
may be obtained from the L» brar Y 
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"L- To 0, son extract add a Jew^* "or 

nitrate solution. If a white precipi a , precipitate is 

srroit -s. ■ — 

is present. 

KEEPING SOIL IN PLACE 

7-12. Importance of Vegetative Cover 

To realize tlie importance of vegetative cover, 
of plants in class. Secure three nursery flats and fill than " 
soil. In the first, plant grass seeds; in the second, peas; * " off anJ 

clover. After the plants have started to grorv, test i a same 

absorption from time to time by sprinkling each flat '™ , 

amount of water. Which plants seem to supply the best g 

^Binding Power of Hoots. Bring to class paper cups T°‘ S ‘ 

sand in which some twenty-five oat or mustard or radis d 

been growing for about 10 days. With a firm tug, lift out hc £ r oots. 
show students how the entire mass of sand is bound by the plan ^ 
If the seedlings have been watered sparingly the root system ' 
more extensive than if they have been watered excessively. ^ 

Have students figure out the advantages of this binding action o 
roots of plants. Why is a grass cover often planted along a hills 1 e- 
Here is an experiment that a group of students might like to e ^ 
strate: Into two large wide-mouthed jars or fish bowls may be ^ 
U-shaped cups built of 14-inch mesh wire screening. The bottom^ 
the screen should extend more than halfway down the jar. After bn ^ 
an area where good grass is growing and where there are tranl f em 
bad spots, students may cut small samples from each and put 
into the wire baskets and then place them in the water-filled jars ( 5 

Why does the water in the jar with the root-filled soil stay almost clear. 



Fig. 7-9. Experiment to show the binding power of roots. 
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Why does the other become muddy? Why do many of oui reservoirs fill 
with silt? What connection is there between soil holding and floods? 


7*13. Effect of Slope on Erosion 

This demonstration might be done out of doors. Students should see 
how water erodes a sloped area of land faster than flat land What dif- 
ference is there if a cover crop is used on a slope? . . 

If this Bold observation is impracticable, students may construct their 


own demonstration in this way: . , . . 

Three boxes, 2 feet square and fc foot deep sl.oi.Id be firmly pa ked 
.. ~ ctmiilrT have been sown witn 


mree Doses, z icci sijuaic - — - x ■ 

with a loamy soil. Beforehand, one box should have bee , so 
bnrlev trass m or other plant-cover crop, so that a thick growth 
been produced file class is now ready to go out of ™th the bo^ 
LcJ one box flat on the ground raise one en *-**£*?£ 


Leave one box Bat on the ground, raise one ~ form 

toeboxe sjtaise^ 


a gentle slope. Pour water on the sou rn ,„e ^ ^ ^ ^ ^ ^ 

done with a garden hose, directing g P ;d down by the 

boxes. Can students estimate the -amount of Notice how 


boxes. Can students estimate the am covcrcd sod ? Notice how 

water that strikes sloped bare m P y on i y a small 

water just covers and runs over the flat box, carrying 7 


amount of soil , • r- ct be put to use? 

Where in the vicinity of the sc 1 un der one end 0 f a 

Sheet Erosion and Gullies. By means of a prop 
low-sided box or flat about 20 
inches long full of fine soil, make 
it possible to increase its slope 
from 0 to 20 per cent (Fig. 

7-10). (For a rough estimate, 
one can take the elevation 0 
one end and divide by * ie 
length of the box.) Start sprin- 
kling the soil and gradually in- 
crease the slope. Do your stu- 
dents notice any “sheet erosion 
(the removal by water of a thm 
layer of soil without the forma- 



layer 01 sou • - , „ xDer iment, 

tion of gullies)? Continue -P 


t, increasing the slope until gul- 
lies start to form. , ,] in obtaining copies ot P™!’' 

Your students might be ot Manufacturers » 

like Native Land L Picture Pamphlet, Public M 

and This Land of Ours ( --.cured bv the 

Committee, Inc., New Yor Y slope of lam “ 1 ” ( inches) 

Measuring the Slope ol Lan“ ' ^ fot each 100 W* t 

number of feet (or inches) ot up 
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several students or tlie entire class in constructing devices for improv- 
es jo grounds around school and in the neighborhood. 

Another ingenious experiment might be performed by using a corru- 
gated washboard and a sprinkling can. The washboard may be held 
in various positions: nearly flat with the ridges horizontal, then slightly 
tilted so that the ridges are no longer horizontal, then with the ridges 
vertical. Compare the ease and rapidity with which the water runs off 
Now with the ridges horizontal, the board may be placed at a steep 
angle. Will as much water be held in the ridges as when the slope is 
not so steep? \Vhat application has this to contour furrows on steep 
slopes? Does this demonstration suggest why it is that farmers are 
advised to put their steeper slopes into pasture or perhaps into forests? 

Laying Out a Contour Line. From the Cornell Conservation Corner, 
Leaflet 6, 4 comes this description of the way to lay out a contour line, 
which is simply a level line that curves as a hillside curves. Might any 
of your students have the opportunity to make use of this technique? 

1. With a carpenters level, a small piece of a mirror, a stick, and 
two straight pins, build the sighting device shown in Fig. 7-I2a. The 
mirror allows the sighter to see the level’s bubble when he is looking 
.along the top of the carpenters level. 

2. On an open hillside, push the levels stick into the ground as far 
as the nail stop. (The person using the level may be called the sighter, 
and the person marking the line the lineman.) The lineman stands 
directly in front of the level as the sighter adjusts it. Each time that the 
sighter takes a sight, he must be sure that the bubble (as seen in the 
mirror) shows that the carpenters level is horizontal. The sighter finds 
a spot on the lineman that is exactly the same height as the top of the 
carpenter’s level, when the level is horizontal (Fig. 7-1 2b). 

3. The lineman walks along the hill 100 feet, as measured by the 
string. He then stands straight and still while the sighter adjusts the 
level. By signals, the sighter tells the lineman to move up or down bilk 
until he stands at exactly the right place for the sighter to see the special 
spot on the lineman. Where the lineman is standing must be on a level 
with the sighter’s position. The lineman drives a stake at this point. 

4. The lineman then walks away another 100 feet, and moves tip or 
down the hill according to the sighter s signals, until lie is again at the 
place where the sighter can see the special spot on the Imeman. A stake 
at this point will also be on a level with the sighter s position. 

5. This procedure may be continued for about 500 feet. ie s o re 
„„ this line will be at the same level as the sights pos.bon. and the 
stakes then mark a contour line. 

* New York State College ot Agrtc.fcrr, Cornell University, Uto, NX. 
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Fig- 


7-12. A simple way of plotting a contour line. 


This method of laying out contour lines with a carpenter 
often used by fanners who want to put in strip cropping or 
plowing. The method is simple, the equipment is inexpensive, an 
results are accurate enough for practical purposes. 


7-15. Strip Cropping on the Blackboard 

A blackboard can often serve as an effective visual aid. You ma) 
illustrate terracing or strip cropping in this simple way. Throw a sm 
quantity of water on the blackboard. Have students watch how s 
rivulets form and combine into streams of water running down 
blackboard. . f _ er 

Mow repeat the action with one addition. Prepare strips ot f t 
toweling or absorbent mimeograph paper. This time when you r 
water on the blackboard, tape several horizontal strips of paper 
the vertical downflow of water. Doesn’t the paper absorb some _ ruI1 ° 
Basically, isn’t this what is achieved in terracing land or using s I 
cropping as a farming method? 

7-16. Wind Erosion 

One way to begin might be to bring to class a picture like Fig- ‘ 
or a news clipping like the following: 

DUST STORM PUTS VEIL OVER TEXAS 

Temple, Texas, Apnl 9, 1955 (AP) The worst dust storm since the 
1920*s blanketed Texas todav. . . . The storm eroded 95,000 acre5 
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land in Texas. “That makes a total of 2 million acres that have been 
damaged by storm this sear," said the dcputv soil conservationist. "U'e 
figure that another 1.920,000 acres will be b'o\vn out." 

This is the kind of news clipping that may well be used to highlight 
the experiments which follow. 

Wind Erosion Experiments. Take three shallow boxes of sandy soil, 
one of which has a covering of growing grass, the other a few rows of 
bean sprouts, and the third nothing hut soil. Moisten them all equally. 
Blow compressed air (simulating a windstorm) across each. 

Allow the soil in all the boxes to become dry and repeat the experi- 
ment with the compressed air (setting up a cardboard or other pro- 
tection from the blowing soil). 

Simple experiments such as these can illustrate vividly what happens, 
particularly* in time of drought, to loose, unprotected soil. It also shows 
that grass is a better protection against wind erosion than a cultivated 
crop. 

Your students are now ready to discuss what causes a dust bowl. 
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Those who live in the ^j"^! '“jf iTparticulSly concerned 

ravages of the wand (Fi 0 - )• J) . ;on c- Are cultivated crops 

and interested in cvplorinj the 0 ‘J abm]t ’ H? \\q, at are the 

unsuitable for most dust-bow ar . of one farm liannful 

SSsSsssa?! 


Fig. 7-14. Soil blown into dunes by the wind. (US DA photo-) 

For city children who seem far removed from the problems of the 
dust bowl, you might try this technique. If the day is a windy one, ta ^e 
the class out for a few minutes. Let the students orient themselves as 
direction, and have them figure the speed of the wind. Discuss why wan 
is so often from the west. What other states are west? Where is e 
dust bowl? What causes it? What does it mean to their city, to emp 
ment, to taxes, to the students themselves? The dust in their eyes may 
forever associated with the dust bowl after this land of experience. _ 
You might suggest that students write for F acts about Wind Ero 5 * 011 
and Dust Storms in the Great Plains (USDA Leaflet 394). 
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7-17. Soil-saving Project 

A committee of students might make a survey of the community to 
learn which kinds of soil-saving practices are used In a farming area 
students might get explanations directly from experts, m city schools 
the school lawn or roadsides might be areas for observation Then stu- 
dents may use reference texts such as Die USDA Yearbooks Science in 
Fanning (1943-1947); Crops in Peace and War (1950-1931); Farmers 
in a Changing World (1940); Water (1935), Land (1958). 

Students may report to the class on the value of crop rotation, stop 
farming, contour plowing, irrigation, letting land lie fallow, green manure, 
terracing, replenishing ground water, and the kinds of minerals that 
should be in fertilizer (Secs. 8-S to 8-12). They may want to report 
on the role of radioactive tracers (Sec. 16-13) in fertilizers to discover 
the rate at which different minerals are absorbed by the sod, and also 
the amount of leaching of these valuable minerals from the sod What 
kinds of plant cover might be used on a hillside? How might trees serve 
as windbreaks? 

Is there something your students can actually do to save soil on the 
school grounds, around their own homes, or in the community? 

They may want to check erosion in many regions around the school 
grounds. Students working as a dub or on a group project might engage 
in planting young saplings as one way to reduce soil erosion by water 
or wind, or to cover a bumed-over area. They should be able to receive 
help in this project from a count)' agent or forester. 

Other activities along this line giving practical experiences in working 
with soil are suggested to a nature trad (See. 9-5), a school garden 
(See S-3) and a tree census (See. 9-2). You and your students will 
doubtless think of other ways of translating learning into useful action. 
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This chapter deals selectively with techniques for getting acquainte 
with a farm (or a garden), its purposes, problems, and conservation 
practices. The mineral needs of plants for healthy growth, the value o 
fertilizers, the possibilities of soilless culture are explored by experiment. 
Food, the major product of the farm, as well as fibers and other produce 
are included with many identifying tests. There is emphasis on the 
close interrelationship between the modem farm and science. 

GETTING ACQUAINTED WITH A FARM 
8*1. Field Trip to a Farm 

To young people who do not know firsthand the life of a farm, a 
carefully planned field trip will open vistas and increase understanding. 
Proper use of the farm terrain, kinds of crops and their healthy growth, 
kinds of livestock, their care and usefulness, methods of improving live- 
stock, machinery and its uses, water supply, problems of marketing* 
these are some of the possible areas of learning. 

If your students have a chance to chat with the farmer, to ask him 
questions when he acts as guide, if they can watch, or better, if they can 
share in the work of field, garden, or bam, and if they can visit in- 
formally with the family and have a dip in the swimming hole with 
the children, they may begin to get the flavor of a way of life different 
from their own. If the field trip can be an extended one so that regular 
participation in the various phases of farm life can be included, the 
experience may be a memorable one indeed. 



GROWING LIVING T1I1NCS 


I fABW AND GARDEN 


8-2. “Farming” at School 

A Farm Model. The construction of a farm model can be an absorb- 
ing project, requiring study, group planning, and manipulative work. 
These are some of the practices that can be shown, reforestation of a 
steep, rocky area; strip cropping; fencing of a wood lot; gully control; 
wildlife protection runways, rotated pasture, a farm pond; and grassed 

waterways. ...... 

This project 1 could be made e\en more meaningful if it were co- 
ordinated with actual farm mapping under the direction of an expert 
from the Soil Conservation Sendee. . . 

An ingenious teacher* has added a vamt.cn to a arm 
bv presenting to his class a model of what might he a farm s .11 it 

•Sf?«*?3iSS53aS 

ii"g d 8-l)^ m mair S dJS me 3ft KESd'S 

its classification. .... .. , ,-a ™ ,heir model, they should 

When students have 'classed the hind on . q( ^ T| , ey 

lay out the form into scct ' on £ w00 dl a „d and reclaiming eroded 
might plan methods of handling necessary' roads 

gullies. The location onltaBoo> and engineering that will 

presents problems m water “W shJ(1 of 0 practical situation, 

require the students to “““ 0 . Tiles. Fields that are swampy in 
A Miniature "Farm ™ U ‘ f h „ s pro d„ce a negligible corn crop, 

spring may dry out In so * f i]y so i ve this problem by laying 
lit Iowa a Dutch bo^ bad s ecu of sh J lengths of baled 

a series of sloped drainage . enou gh to collect water but 

clay pipe fitted together " ' dirt. The boy made a miniature 

not wide enough to become clog, h , Ilis may suggest a similar 

“farm" to demonstrate to Ins class. 

experiment to one o your . suc!l a project. you may refer to 

. For details as S*»* l” 1 ”""'"' V *’ A " 

: s - £ tzar* 


A1 ' orwjsu, F<jrs 

told by John "^,7 poblieatioos. 
1977 by Street « »* nMn 



Fig. 8-1. A small watershed illustrating different land-capability classes. (U- 
Soil Conservation Service photo.) 

Fill a glass tank without any drainage outlet with loam. Fill a scc ” a< ? 
tank containing miniature tiles draining into an overflow' (Fig- 
with the same kind of soil. Plant both tanks with corn and treat ® 
to the same conditions of sunhg * 

| I. >J , temperature, and watering- * e 

HU^Hi — oi — |T a — com in the tank without drainage 

f \ should turn out to be sickly 30 
v l yellow, with dwarfed root systems. 
1\> ; ^ m X ;7~~p r jr~'.--p- Tall, vigorous com with well-de% e 
\ ' V •l -' — • -3 --C.S oped root systems should result m 

k ’■ *k' . _-rVc?" * ’ the drained tank. 

|;- •' 'v * % jr Why do plants fail to do w'ell m 

u . „ . . undrained soil? Elicit from studen 

Fig. 8-2. Miniature farm with drain- . ,, , . , . _ * restricts 

age tiles. that the ^gh wat f IeVel f 

root growth to a layer of snat f 
soil. When the summer sun bakes this layer, the plants wither. Anot c 
reason is that wet soils are cold and seeds are slower to genninate- 


Fig. 8-2. Miniature “farm” with drain- 
age tiles. 
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(Water with its high specific heat (Sec. 11-13) warms much more slowly 
than the same weight of soil.) 

Why will soil above drainage tiles stay moist and not wet? Excess 
water is drained off and capillary action (Sec. 3-10) will draw moisture 
upward and keep it available for crops when summer’s sun begins to 
dry the soil. 

A School Farm. Fortunate the school that can work out some arrange- 
ment to have its own farm, to which students may come for work and 
study. Here experiences might be shared by the rotating o groups 
throughout the school year, while some students might work on the 
farm during the summer montlis in a work-camp situation. 

School camps and school forests arc already valued editions to the 

might be possible. 

8-3. A School Garden , , » 

A school garden has multiple uses, many of which students can con- 

trive and carry through to , Mch mcm y farming methods 

In this area of ground you s “J. ' i crrac ing especially where 

by example. Arrange an area . . Trv planting a cover of 

ravages of soil erosion by ' v . at f. r “V . ofrools (Sec. 7-12). There may 
vegetation and observe the bint g exposed region 

be a way to measure the amount of runoff ol ^ 
and thl/ covered region. ““’nation of die ingredients 

mineral deficiency of plants o gr ’ g-11). Why are nitrates, 

and proportions of minerals in er j in specific proportions for 

phosphates, and potassium compounds used P 

certain kinds of crops? .enroductive evde of seed plants as 

You may want to teach the enure p d , sdloo l green- 

they grow in the school garden or > sce ds totro d uce work 

house The means used to '"'■"“^Cobuined a desirable plant, 
in heredity (Sec. 4-10). After Here 5hl dents may try out some 

how docs lie propagate this W ,,4) t0 show how this method 

methods of vegetative propagaM( ( ^ re ^ bcen n0 fertilmtion or 


lias Dt-eu mu. 

perpetuates a constant ^ strain s. Students xnay plant bulbs 
union of genetic material from f Nove mber. In this «ay they 

from the middle of October ‘o the msd ^ ^ ^ a „ a ex nil 

may watch the growth of a p * ? ^ wn the color be p 

method. What color Sowers develop 
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on die container with certainty? A few precautions in planting bulbs 
may be in order: Plant daffodil, tulip, and hyacinth bulbs about 5 to 6 
inches deep; crocus bulbs may be planted only 3 inches clown in a good 
loam soil. When the flowers have bloomed, pinch off the pistils so that 
vigorous bulb formation takes place. 

There are other projects. Some students might make a study of a few 
square feet of soil to Icam the kinds of organisms found in soil (Sec. 
7-6), and others might take a census of the number and kinds of insect 
pests (Sec. S-7). In class, some students may suggest an experiment 
using weed killers, or insecticides (Sec. 8-7), or even a project using 


Table 8-1. When to Plant in Every Section 


Gulf and 
Southern 

Name of plant North Central South California 


Bachelor's button 
Carnation 

Daisy, painted 

Four o’clock 

Gourd 

Apr .-June 
May-Sept 
Apr.-Scpt. 
May-June 
May-June 

Mar .-June 
Apr.-June 
Mar.-June 
Apr.-June 
Apr.-June 

Feb.-May 
Mar .-May 
Feb.-May 
Jan.-May 
Mar.-May 

Oct.-May 

Sept-May 

Aug.-May 

Sept.-May 

Feb.-May 

Marigold 

Morning glory 
Nasturtium 

Petunia 

Scahiosa 

Apr .-June 
Apr.-May 
May-June 
Apr.-June 
May-June 

Mar.-June 

Mar.-June 

Apr.-June 

Mar.-June 

Apr.-June 

Feb.-May 

Feb.-June 

Mar.-June 

Feb.-May 

Mar.-May 

Jan.-May 

Jan.-June 
Any time 
Sept-May 
Feb.-May 

Scarlet runner 
Stock 

Sweet alyssiun 
Sweet peas 

Zinnia 

May-June 
May-June 
Apr.— June 
Mar.— May 
May-June 

Apr.-June 
Apr.-June 
Mar.-June 
Mar.— Apr. 
Apr.-June 

Mar.-May 

Feb.-June 

Feb.-May 

Dec.-Mar. 

Mar.-June 

Feb.-June 
Any time 
Any time 
Aug.-Mar. 

Feb.-July 

Beans 

Beets 

Carrots 

Com 

Cucumbers 

May-July 
Apr.-July 
Apr.— June 
May-June 
May-June 

Apr.-Aug. 
Mar.— July 
Mar.-July 
Apr'-July 
Apr.— July 

Mar.— Sept. 
Feb.-Oct. 
Feb— Aug. 
Mar.-Aug. 
Mar.— Aug. 

Feb.-Oct 
Any time 
Any time 
Feb.-Sept 
Mar.-Sept. 

Lettuce 

Onions 

Peas 

Radishes 

Rutabaga 

>> £ 
nni 

Mar.-Sept 
Apr.— June 
Mar.— Apr. 
Mar -Sept 
Mar^-July 

Feb.-Oct. 
Mar.-Oct 
Feb— Mar. 
Feb.-Oct. 
Feb.-Oct 

Feb.-Nov. 
Sept-May 
Jan.-Mar. 
Jan.-Nov. 
Any time 

Squash 

Swiss chard 
Tomatoes 

May-June 
Apr.— Aug. 
May-June 

Apr^-July 

Mar.-Sept 

Apr.-June 

Mar.— Aug. 
Feb.-Sept 
Mar.— June 

Mar.-Sept 

Jan.-Oct 

Mar.-July 
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plant growth hormones to encourage rapid rooting of cuttings (Sec 4-6) 
Perhaps one of the simplest yet most important objectives of a school 
garden might be to create out ol ugh ness a spot of loveliness and beauty, 
lour students might like to contact the National Garden Institute a 
division of Friends of the Land, 136S North High St., Columbus. Ohio 
to learn of their School Garden Service Bureau. 

You might find the following paper-backed books of help in a garden. 
ing project: The Handy Book of Gardening, by Albert E. Wilkinson and 
Victor A. Tiedjens (Signet Key Book, New American Library, 1935), or 
The Garden Gate, by Samuel Caldwell (Greenberg: Publisher Inc. 
New York, 1954). 

Planting Schedule. Table 8-1 gives a planting schedule for some of 
the common varieties of flowers and vegetables. What arc the climatic 
factors that cause this variation in planting time from section to section? 

An Indoor Garden. At the time of year when students can no longer 
work in an outdoor garden, there are many interesting and valuable 
experiences with plant life that they may have indoors. 

A large shallow packing box or an unused sandbox makes a good 
receptacle in which to plant an indoor garden. Put pieces of broken crock 
or stones in the bottom of tbe box before filling in with earth. Bore a 
few small holes in the bottom of the box. Why? 

If you have several such boxes, control experiments may be set up 
With different kinds of soil, soil enriched or unenrichcd with fertilizer, 
different amounts of water or of light. 

Window boxes, too, may be used for experiments with all kinds of 
plants— squash or pumpkins, morning glories or nasturtiums, bulbs, etc. 

IMPROVING WILDLIFE HABITATS 
8-4, On a Farm 

Cover for Wildlife. “Clean farming," the elimination of hedgerows and 
edges, is not good for wildlife, which must have suitable cover to survive. 

When visiting a farm, notice what the farmer lias done to protect 
wildlife (Fig 8-3). Perhaps he has taken steps toward increasing the 
“edge" of his fields so that there will be places where rabbits, quail, 
and songbirds can live and raise their young. . 

Should there be opportunity for » school farm your students ™1I 
find valuable information from these USDA pamphlets: Shrub MtnHn * 

/or Sail CM dion nod WiUf Coca, (Circular no SST) and il,M- 
for* lime lor Living renew ami WMhjc Cover (Leaflet no. 238). 

Your students may he summer campers. By proper cutting operation,, 
eamn areas may be Kept in many stages of vegetative groulli and I.a>v 
mairnun numbers and kinds of wildlife. -Intcrspersion. nr rrasmg of 




cover types, is the important thing to remember in making an area more 
favorable to wildlife. . 

Excellent information for improvement of a farm for wildlife may oc 
found in the booklet The Farmer and Wildlife (Wildlife Managemen 
Institute, Washington, D.C.) or in Making Land Produce Useful 
life (USDA Farmers’ Bulletin no. 2035). 

A Farm Fond. Farm ponds sometimes fit well in a farmer’s crop-rai 5 '^ 
plans. Technicians of the Soil Conservation Service frequently inclua 
ponds in plans they make for a farm, and advise the landowner hovv to 
manage them for high yields of fish. 

An understanding of food chains, of the role of predator and prey* 15 
needed to determine the management of such a pond. 

Is there a place for a pond on your school property or in your stu- 
dents’ summer camp area? Perhaps students could have one built a n 
manage it for fish. The State Game and Fish Department or local office 
of the Soil Conservation Service can advise how to go about it. You wi 
find that many valuable conservation practices are associated with 8 
farm pond. These bulletins should prove helpful: Farm Fishponds f° r 
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Food and Good Land Use (USDA Farmers' Bulletin no. 19S3) and Lis! 
of Publications on Farm Fish Ponds (Wildlife Service, Fishery Leaflet 
no. 24). 

8-5. At School 

A School Sanctuary. Here is another idea you might find dtajnhUng. 
A project of unusual interest has been going forward at a school u 
New England under the guidance of the biolog)- teacher. Appronmate^ 

hordt, S Sin1 d a P d 0 rlte L some of the measures already 
U 1 e pho?o y graphic project has ; been 

identification and marking o undertaken eventually by 

publishing of descriptive literature udl be unde 

the students to record changesovertho^^. ^ ^ , n d , „ced 

If Yours Is a City Schoo . o dependence on the land, they 
to understand their relationship to d d p bri ck-anyoned 

Will also need a fuller understai ^ of ™ plge(J „ s , Jparr0; „, 
“habitat.” Wildlife, to city folk. Uieir nests, their eating 

starlings. Observation of these Wngs vivid learning, 

and mating habits, their Japanese gardens are possible 

sr_ - -? 

(N3,iona ' Audub °" '■ 

^Planning n city or t0 ' vn J : ^^ , ^|^e[ , To^ : oftcn,*n^ld C ^^^^ c ^ a ^ 

living is conservation m a hue sens' parks , enough pla> space, 

Sd"^nte”n'n^»”' modd „ f a g „„d communi.y-ff.e.Vln.inc 
Might vour students tad* stu dy the many reqmremcn s of J 

How could provision be made 

„ . P„t n rvSAlioohP" tnc > %U - 

* Herbert R. Drury. W**y 
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Y mIr students have learned that in planning a farm, experts from 
the Soil Conservation Service may be consulted. In planmng a 
city, who are the possible consultants? Does your city hav P | 
commission? If so! might one of its members be of help by d.scussmg 
the commissions work with your students. 


FRIENDS AND FOES OF THE FARM 

Tile farmer has allies and competitors in his straggle to produce 
food, Bber, and chemicals. Perhaps you might begm this unit _ b> 6 

students list in separate columns, as they come to mind, all the 
friends and all his foes. Have any been forgotten? What makes g 

organism a friend of man? A foe? 


8-0. The Farmers’ Friends 

The Earthworm. How many earthworms are there in an acre of well 
drained fertile soil? Students might mark out foot-square areas and go 
down to the depth of a foot. How many earthworms do they encoun er 
Have them estimate how many there might be to the acre. According 
to USDA figures, there should be millions. 

Students may become aware of the countless holes earthworms dig 
(Fig. 8-4) as they transport earth from one level to another, mixing 
organic material near the surface with underlying soil particles. Eart 1 - 
worms help make good soil structure, so essential to proper aeration, 
drainage, and root growth. 

How do the numbers of earthworms in poor, neglected soil compare 
with those in fertile soil? Students might investigate and draw con- 
clusions. 



Fig. 8-1. Earthworms dig holes in the soil and help to maVe good soil structure. 
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The Farmers’ Winged Allies. Your students may have the opportunity’ 
to observe the eating habits of buds in their natural outdoor habitats. 
Analysis of the contents of birds’ stomachs by scientists has shown amaz- 
ing collections of worms, grasshoppers, beetles, bugs, weed seeds, mice, 
rats, and moles, depending on the bird and his particular diet. 

Here is a situation your students might ponder. Suppose a fanner 
decides to ait down the thicket around his cornfield. By so doing, he 
forces the nesting quail to go off to another thicket, perhaps ta neigh- 
bor’s. The next year, the church hugs invade the first farmers ctmrMd 
and his crop is ruined. Why might the neighbors corn ««"*•' 
is it essential for a farmer to know something about upsetting the 
balance”? Can your students find other examples of svhat happens when 
the balance is not maintained? . , H - r or birds 

friends and those which are foes > ^ Insects can be 

sible, have opportunity for “^f^r , heir life cycles will provide clues 

(Sec. 19-3e). 

8-7, Pests and Their Control wi([| „ !llc h the farmer 

Your students might review The par d f P disease org a„isms 

has ,0 cope. Firs, come • b = b J l ™ s ^s anl then infect die grm™g 
that are carried by the soil a and annoying to live- 

plants; then come the “ K,s ’ oul profitable plants and using 

stock. Weeds are there, too, that infest farm animals. 

their food. Then, there are the rnt - P l|i( , c challenges makes a 

How science has met and « 

fascinating stor)' and study. Ieanl l,ow seeds are disinfected 

One group of your student: > » (Scc 4.0). They might devise ex- 

before they are put into the gr treatment. Another group mig i 

Foments To try out the a „d saved. T!,is wor, H 

report on tl.e ways F° w,n S ^ “ r |ifc C L CS followed by an m'«“S? ,J0 " 

S,od SS" 8 " 4 " "■* t 

practice of burning diseased p 
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Still another committee might experiment with weed ldllers, sharing its 


E. I. 


^^rt—^'^' ^tes may be destroyed makes 
^nt"c, while the protectL of rlant.s dnring storage and 

their packaging for sale add a final chapter to the story A 
pamphlet cabled Chemistry and the Farmer may be obtained from 
du Pont de Nemours & Co., Wilmington Del. t])e 

Tlie Fungus Pests. Ask students to find examples of fung p ■ 
smuts and rusts and mildews that plague die farmer. They may be aH 
to find blackberry rust or wheat rust. Perhaps they may collect samp es 
of the powdery mildews on poplar leaves, lilac, Virginia creepe . 
other rusts are found on apple and cherry leaves. 

If the infected leaves are wrapped up to keep them dry 
soaked in water for several hours, the scrapings may be mounted 
clean slides in a drop of the liquid. 

What part do the molds and mildews play in the wastage 0 
How does a knowledge of the life cycles of fungi help in combating 

certain of them? . ^ 

What are the requirements of fungi for growth? (Food, warm > 
moisture, air.) Students might illustrate how canning, dehydrating, 
frigerating, special treatment with ultraviolet light, antibiotics, or ra 1 
isotopes destroy fungi and not only "preserve” but also conserve 00 
Perhaps your students would be interested in trying their own .* 
ment with food preservatives (Sec. 8-14), or in setting up an exhi it 0 
illustrate the various methods. 


that 

the 


Insect Pests: Biological Control. Insects have natural enemies 
can help man in his warfare with pests. Have a student report I 
story of how the fight against Japanese beetles was won by infecting 
them with bacterial disease. 

A simple type of biological control is the putting of goldfish m a 
garden pond to eat mosquito larvae. A complicated type is the campaign 
which exterminated the screwworm fly (which is devastating to fi ve 
stock) on one of the islands of the Caribbean. 

Work of this sort is being carried on by entomologists, and students 
might write to the Department of Agriculture for information. 

Insecticides. If there are insect pests on the school grounds, students 
might try' the use of specific insecticides, following directions caretu ) 
and making note of the effects (Fig. 8-5). A student might report on 
the immunity certain insect pests build up against insecticides. Why 15 
the United Nations concerning itself with this problem? 

The Pros and Cons of Pest-control Measures. You might pose this 
question to your class : What are the dangers involved when man attempt 
to control the spread of pests? 

You might suggest that your students look up the history of the gyP s ) 
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moth, the insect that was deliberately brought to the United States from 
France for the purpose of cross-breeding with silkworms After the gyps) 
moth had defoliated millions of trees in the northeast, the Department 
of Agriculture instituted a 5 million dollar aerial DDT-spraymg cam- 



ami is not aftceted. The ® » 

6- Company, research laborato J-l 

_ , ed 3 million acres of New ' ° rl - Nc " 

palgn in the spring of 1937 and sprajrd 

of the effect of pesticides on !>«> 
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Do we know enough about the long-range effects of chemical pontons 

“ikUer Se"Ling. appearing in a daily newspaper, may serve 
as the basis for a thoughtful class discussion: 

TO THE b'.Y. HERALD TRIBUNE: 

VVe own a weekend home in a large wooded area on ^ n S 
adjoining one ol its largest suite parks. We were 
call this land our bird sanctuary-, since we were able to 
list over sixty different varieties of birds, including a long [tat of * 
small member of the vireos and paruhdae famO.es fl * 0 SS fcm 'of 
ing twice had gone over the area a few weeks ago, . j V es 

these lively little callers dead on the ground, and the woo ^ 

entirely deserted by them. Larger birds than these, the 
the grain eaters, seemed to be unaffected. Whether these sen 
died from the spraying itself or from eating poisoned insects, 
not dare to decide. , r tjff s 

1 would like to add still another observation: Along the san 
of Long Island’s north shore, especially in our parts, scores ° , 

swallows had their domicile, and waves of them could always be w a 
especially in the later part of the afternoon. Since the spraying, e c 
seem deserted. I was in the vicinity for several days and di 110 
even one bird. However, since I did not find any dead birds on 
ground, I conclude that the birds withdrew instead of being killed. ^ 

I wish to offer these observations to those who are speculating a u 
the question whether nature s biological control or that of man s chemi ^ 
control by spraying has actually a greater value. Or whether at l^j** ^ 
ou"ht to consider limiting such sprayings to amounts which " n 
base such a detrimental effect upon our bird population, or be mo^ e 
careful and selective in regard to the areas treated. 

Dr. E. Harms 
Set c York, August 1, 

Study of a Weed Killer. That 2,4-D destroys broad -leaved plants ma> 
l>e shown in a part of the lawn or in a flower pot. Sow grass in seve 
flower pots full of a light loam soil. Then plant some sample broa 
leaved plant, such as a mustard or a plantain, among the growing 
plants. Leave some of the Gower pots untreated, and spray the ot 
flower pots of grasses and broad-leaved plants with 2,4-D. Keep tn 
untreated plants in another room while this spraying is under way. Ha'*- 
students watch the changes in the treated flower pots. In a few days, the} 
should observe the broad-leaved plants begin to wilt, and probably* 0 
two to tliree weeks the broad-leaved plants will have shriveled and dis- 
appeared. Does the weed killer affect the grasses? , 

Elicit from students an explanation of why weeds take over a cultivate 
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area so rapidly. What traits that have survival value do they possess' 
Uproot weeds (rom the lawn or garden and compare their roots and rate 
of growth with other cultivated plants. How do you evplatn their high 
immunity to plant diseases? 

Weed Control by Insects. There might be .1 student report on the stun 
of Kiamotli weed and its control by introducing its European imscct ene- 
mies, an account of which may he found in the July. 1)37. 

Scientific American. 

WHAT PLANTS NEED TO GROW 

Having studied with your students the need of plants 

o (is . v „ ter (c ec 3.9) and carbon dioxide (Sec. 3 ')■ • . . . 

go" 1 study oi the other esscotiats WMIta ^ 

with the three primary plant nutrients, or c ie 

Nitrogen is essential to all life, animal 

siiriatsaSt - — - - - - 

gen cycle (Sec. 12-3). , . f or it removes nitrogen 

Modem farming has upset this cy replaces tlicm. Tlic clicm- 

compounds from the soil faster , rt gc hv adding nitrngen in a 

1st has had to step in and make op this sliottag . 
form easily available to plants. nitrogen, this clement Is tin- 

Although the air is a vast storehnus of forn , tv legumes 

available to plants unless It is . niIro gcn. Small amounts of 

house nature's factory for «'‘ n S a, ?J s 3nd cashed into the ground b> 
nitrogen are lived, too. in • 1 ' un ' ,crS . ^.thod (the Arc process), as well 
rain. Man has learned to 1 ™ ( !i mi dc or Haber processes, of greater 
as to devise others, such as W ^ , K rc ferred to chemistry test- 
commercial importance. ( 

books for details of these procc^ *) want to use tins expe ; 

l S nt"oyn-B;i“g tacteriam 

these uprooted from 1 0 j a group Sold trip. • 

dents may gather ll« many of them nodules may 

the roots should revea in these swellings 

The nitrogen-living bacteria 
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be studied under the microscope. After washing off the soil, have stu- 
dents crush a nodule in a drop of water on a slide. With a dissecting 
needle have them spread this smear along the slide and set aside to dr}'. 
Should you want to stain these bacteria, use methylene blue (Sec. 18-lp). 
Place a drop of the stain on a slide in advance and let it dry. 



shown in this ^nnlifwTri ^ nourishment from the soil and the air is 

« also rep™“3'‘5^ r X S s, T,,,? fertili ” r ">PI>V"JS 

Xcmcu',0 Company.) * * Chemic ° h - E - ’■ *> root de 
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Of what help are nitrogen-fixing bacteria to the soil? Why are legu- 
minous plants used by farmers when rotating their crops? 

Plant Growth Affected by Nitro- 
gen-fixing Bacteria. This demonstra- 
tion should be prepared weeks in 
advance of the lesson. Perhaps some 
students may get this material ready 
at home. 

Sterilize several small pots of soil 
in an autoclave or oven. Nitrogen- 
fixing bacteria may be purchased 
from seed companies; these should 
be added to the soil of some of the 
flower pots. Then introduce an equal 
quantity of soaked clover seeds into 
all the flower pots. Students may ex- 
amine the plants after some weeks ot 
growth. Which pots have the more 
luxuriant growth? 

Nitrates and Their Effect on 
Plants. On 0 field trip students may 
come upon a sandy patch « 
whore the grass is pale in color. This 
may possibly he due to a iac 
nitrates in the soil. Mark 
5 square foot or more. Wot i d thwe 
be a change in the color of >e gr 

if nitrates wore added to the sod. 

Have students scatter about » 
grams of sodium nitrate e% cny 

this area when the soil B J* ™ W* ... 

let them water the area so that „„ ro l Lrofrt. 

nitrate is absorbed. The rcr " a ' conlro i. IIo j f , tn the Croutul-i 

WatclT'thf pat'oh 51 rf S0i! Arc the plants in the crporimental 

weeks. Can students sec a diU 
area more green, more 

“LTiT... - nscr.-sSjrs^s 

* an; - 

plant growth is moro often due t 



r ,. S-T. Hoot system of die hp'™?; 
*3 Nodules are enlarged i» 

^ . t f nw ct circle jIiwi die 
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"’ilock Phosphate. Students may take a sample ot rock 

calcium phosphate) and try dissolving it m 'valor. WJ>™ « Li*, event 

the filtrate should be evaporated to see if any of the roc p p 

‘ nt The° 'iruubie with rock phosphate lor a quick fertilizer is that it is so 
insoluble that plants cannot utilize it for quite a long time. 

Superphosphate. Students may then treat a little of the roefc ^ 
with dilute sulfuric acid. The acid should be rinsed out and the product 
dried. The solubility of the superphosphate may be tested as in p 
ceding paragraph. It should be somewhat soluble. 

Phosphate rock is used for long-time soil-improvement P ro S rc ” 
than as a substitute for the more soluble forms. How would it 
available in the long run? What in the soil might take the place ot 
sulfuric acid used in this experiment? , 

Other Sources. All the basic slag from the open-hearth process 
making steel can be applied directly to the soil. It contains apprecia 
amounts of useful phosphorus. In wliat form would it be? 

Ammonium phosphate supplies not only phosphorus but also ano ie 
of the important plant foods. What is it? 

Relatively new materials, now reaching commercial production, are 
calcium and potassium metaphosphate and alpha phosphate. Can >ou 
students find out about them and their advantages? 

S-10. Potassium 

Potassium, far too active to be used in the free state, is chemical!) 
combined with other elements in fertilizers. (To demonstrate the violen 
activity of the uncombined element, drop a piece of potassium, the size 
of a small pea, into a large battery jar of water and watch the action. 
Careful!) Potash (potassium compound, usually the carbonate), as 1 ^ 
from helping plant growth in general, is said to “stiffen the straw 
grain crops. Although our soils are rather rich in potash, it is locked up 
in such a way that it is not readily utilized by plants and must, therefore, 
be supplied in the form of fertilizer. 

Sources. Prior to World War I we were entirely dependent on foreign 
sources, notably the Stassfurt mines in Germany. When the war cut on 
these supplies, an intensive search was made to locate sources in our own 
country. Your students might find out where we now get our supphes- 
Any up-to-date chemistry textbook will be helpful. 

Potassium Compounds in Plants. To identify potassium compounds i Q 
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plants, students might bum some wood, moisten the ashes with water, 
and then apply the flame test for potassium compounds (Sec. 7-Uj. 

8- II. Effects of Fertilizer on Plant Growth"’ 

Experiment will, tl.c Chemical Trio.- This experiment may he done m 
a variety of ways. One could plant seeds like beans »r taley mrset o U 
plants like tomato. Use ten earthen pots <10-,nch sire andffll hem -th 
clean sand. Plant seeds or set on, plants 

stationed In a bright sunny place am s nin „ f or 3 to 5 days 

adding anything but xvatcr cxery morning and exening 
after they are set out or have B™""’™. ^ ^ Jt3rted V]e 

After this interval, experimentation with tc 
pots should be numbered in pairs. t . vafer ) pots no. 2 

PCS no. 1 are the eon, mis 'are potas- 

are nitrogen pots; pots no. 3 arc p p 
sium pots; pots no. 5 have all tbc tno. 

Adding fertilizers: tablespoon of ammonium nitrate 

Pots no. 2 (nitrogen): sprinkle tl 11 J dissolve lhe sa lt and 

evenly on the surface of the sand. Add 

carry It to the roots. Repeat every 1° y ; rilghtly soluble. 

Pits no. 3 (phosphorus); Bon meal, xxhm, ^ ^ of th 
should be inserted in 2;tneh J meaI among them . Smooth 

boles and divide 1 levc tMespoo no ^ ^ 
the surface and add water. pots n0 . 2, but use 1 leve 

rots no. 4 (potassium). n e ncat every four days. 

“St" Uevel *s = J^^^oon 

o"po°lssh°ufeUoril “J^mr BC "" a ' 

appcaratmc'aud'otlmr'characterislij^' s . Rn _ btin g out the d« 

You might xvan, to have a eta c[op producMouJfecb 

produced by each treatment. ApP , studen ts migh make torn 

faSfrf the VlM- vc^ty. d S “ rtllters i„ percentage fig- 

tomary to express the comp ^ EffecB ot r „„li«r „„ plant CroxxC, 
■Alkn Cnur, AlbnOU.^ 
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1 - • „ first the oercentane of nitrogen, second, the content of phos- 

ph^“ P "ccH^ of pholhonc add and third, die con- 
tent of potassium expressed as percentage of potash. 

S-12. Secondary and Minor Plant Foods 

In recent years increasing attention has been given to the 
o' the secondary elements in fertilizers— calcium, magnesium, 

°‘ lhe D Considerable investigation has been made, 

too, of the minor or trace elements (also 
called “micronutrienls”) — manganese, cop- 
per, zinc, boron, and iron. It was former') 
thought that our soils contained sufficien 
trace minerals and that commercial ler- 
tilizers had enough of these elements as 
impurities or they were carded by other 
plant foods. Now, however, it is being rea 
ized that poor yields are often due to e* 
ficiencies of one or more of the secon ar ) 
or minor elements (Fig. S-8)- 
Perhaps your young people can 
out why these deficiencies have becotn 
marlced in recent years: 

1. The development of more highly re- 
fined fertilizers carrying more 
phosphoric add, and potash has redu 
the valuable “impurities.” 

2. More intensive cropping, with ew 
phasis on higher yields per acre, coup ^ 
with the fact that our soils are becoming 
older and more depleted are added rea 
sons for the defidency. 

An excellent publication called 
Land and Us Care, describing good lau^ 
management including the restoring 
plant foods to the soil, may be obtain 
from the American Plant Food Cotm 
Inc., Washington, D.C. _ „ 

Still another pamphlet worth obtaiwn-, 
is MaJcc the Soil Productive, International Harvester Company, Chicag 0 - 

' Your 

f and 



ft 

(z)Uoco^er 


Fig- 8-8. Effect of a trace ele- 
ment on plant growth, (a) 
Tomato plant grown in the 
laboratory with all needed 
plant foods except copper; ( b ) 
tilts plant was grown under 
the same conditions except 
that a solution of a copper 
salt was sprayed on the leaves. 
( Cclifomia Agricultural Ex- 
periment Station, Unitcrtily of 
California. Berkeley.) 


Soil Improvement Preparations Containing ‘Trace” Elements, 
students mi glit be interested in testing out the value of secondary' 

* W«t Coart Science Teachers' Summer Conference, 1934, reported in The Scie** e 
Tecchcr, February-. 1333. 
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minor plant foods. Some may want to devise experiments to show the im- 
portance of certain trace minerals. Here is one way of comparing soil im- 
provement preparations containing trace elements: 

In some areas the addition of trace elements malms noticeable differ- 
ences in plant growth, and in others, very little. How does the soil m 
your area rate in this capacity? Two eery useful materials contain, ng 
trace minerals are pulp wastes from paper mills and commercial trace 
elements from a garden store. Which is superior™ your area? 

One way to find out is to take three shallow hoses and Eli ead, wa h 
the same soil up to about 4 inches deep. If your studentt doe in a in , «ea 
where things grow all winter they may mark off. with stakes and string, 
three plots each about a yard square. . « oronrdine to 

Into one, students may sprinkle trace f or obt ^ 

the directions given on the package. In t e mi of P pulp waste 

should he left as it is. To the 111 ’ e fost bos All the plots should 
should be added as trace elements in the first no l 

he raked uniformly. . according to direc- 

nadish or otiier quick-growing see ^ watered uniformly with a 
tions in each of these plots. Utey shouM be « w hen the seeds 
sprinkler. Students may keep a char o ^ P „ee, when mature, com- 
sprout, how rapidly they grow, an conclusions can your 

pares in site, lastc, quality, and adequate replt- 

students draw? (koto This type of espenment l 

cation.) 

8-13. Soilless Growth of Plan's - )iobb for sc hooI or 

Hydroponics. Soilless S' 0 "* ofodudng and esperimenting with plants 

home. Any student interested ■npmdu^g ^ ^ ^ metl , od makes 

and in studying mineral equipment is easy to make and the 

possible year-round activity. 

chemicals required are not quart-sized. wide-mouthed 

A very simple method is >° P'ZeSed cork stoppers. Nutrient sol,,- 
bottles by fitting them "ith cleamo ^ added . (Or nutrient solutions 
tion (such as the one in Table 8 -) „| 1C „ studying mineral 

with one salt left out of each may , 

‘“Idents germinate seejs (See. ^ ^ .J-J-g 

germination bos. Students should ^ stopper s0 that the cu ^ 

sss iy an hon rins 

cork is wide enough, or 




Fig. S*9. Soilless growth of plants in 
nutrient solution. Seedlings are bed- 
ded in excelsior or glass wool in 
paraffined zinc mesh trough. 
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mA*w=L’ri=Sx=siSs 

mesh must first be coated with par- 
affin since the zinc is toxic. Bed the 
seedlings in excelsior or glass wool. 

If the experiment is being per 
formed to study mineral deficiencies, 
then compare the growth and ap- 
pearance of the plants in each solu- 
tion, using the complete nutrient 
solution as a control. Variations o 
this experiment might include 

»■ different concentrations of solution 

as well as different degrees of aridity and alUlinity. Uicrfcct °f aera- 
tion of the solution (using an aerator pump) could also be stu • 
experience has shown that aeration of the roots is an important raci 
healthy growth of the plants. _ .u 0 f 

Once your students have become interested in the soilless gr 
plants they may want to learn about the various methods that have 
successfully used by the amateur. A number of common house p » 
wandering' Jew, English ivy, rubber plants, philodendron , and man, 
others may be successfully grown by means of hydroponics. 

Many detailed methods for raising plants in soilless cultures (sa ^ 
water, or gravel) may be found in such textbooks as Carleton E f * 

M. W. Swaney’s Soilless Growth of Plants (Reinhold Publishing Corpo- 
ration, New York, 1947), or you might want to write for Xtitricu titr 
(Technical Manual no. 20-500, Adjutant General’s Office, Publicah 
Branch, The Pentagon, Washington). , 

For the beginner, there are simple directions for a project in nv 
ponies in Licing Chemistry, by M. R. Ahrens, N. F. Bush, and R* 
Easley (Ginn & Company, Boston, 1957). 

A Nutrient Solution for Hydroponics. You probably would want 0 
prepare 5 gallons of nutrient solution. Table S-2 ( or modify in proper 
tion the quantities given there). Weigh out each salt, and dissolve cac^ 
separately in a pint of water. Then mix the four solutions, and add enou_ 


Table 8-2- A Nutrient Solution 


Monopotassium phosphate KHrPO. 
Magnesium sulfate MgSo,*7HA) 

Calcium nitrate Ca(NO»)^4H.O 

Ammonium sulfate (NH.)-SO, 


59 grams 
10 7 grams 
20 I grains 
1.8 grains 
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water to make tip 5 gallons. Students may notice that this nutrient solu- 
tion contains the six main elements essential for the growth of plants: 
nitrogen, phosphorus, potassium, sulfur, calcium, and magnesium These 
are combined in the first three salts in the formula for the solution The 
ammonium salt is added to offset tile rapid change in pH that results 
when plants absorb nitrogen faster than calcium (when the salt is in 
form of calcium nitrate in the solution). 

When a scale is not available, these approximate measures may be 

Then add 10 cubic centimeters ot eacti or 

nutrient solution. composed of three major 

Now you have 5 gallons of nutr of t]lree dace element 

salts, three secondary 0 n“ e culture solution, for it should be 

salts. Remember to check the P H ' “ , ed alkalinity seems to stop good 
between 4.5 and 6.5 (Sec. 7-8); increaseo 

growth of roots. working with hydroponics, die soil- 

A Practical Substitute for So I. In * arisEl Since this seems 
less culture of plants, the ques ion • crowing crops in soil, why 
suel, an “easy' method as .compared „f food crops? 

can’t we substitute nutriculturc for sot m import of Sci- 

There is an excellent “ t ' c,e , ,n “„i, i 95 5 ) entitled Tlie Pass, b.I.t.es 
cnee on Society (vol. VI, no 1 xh , s describes success, 

of Soilless Cultivation by J« EH S on yields. points ° ul ? 

fill hydroponic techniques, gives *5“ „ the question. Should hy- 

and disadvantages, and attempts an ansvve 
droponics replace agriculture. 

PRODUCTS OF THE FARM 

8-14. The Farm and Food purposes of most farms 

Elicit from your students ‘^‘Sps, both animal and vegeta e, an 
is to supply food in the or ^.dually be- 

in the form of Reservation. Tour JSutly pro- 

Farm Surges ^ ^ -^"R ti e and hcalthy. 
come aware of the t nding numbers a» ^ surplusCS and 

ilucing farms to keep apparent paradox 

The)' may be puzzled by the m 



m I.IV1NC! TOKOS AND TOOK IKVIMISMENT 

tl.e need tor conservation. Have them dig a hit deeper. Arc all our m™ 
peoplcudequatcly ted? Are farm surpluses a be,, a,u perl " 

rJS£«. - «-p r- -o- - 

m This a may'be the time your class might he interested in « 
parity — what it is, what its relationship to pr.ee is, and wha I ts i d 
effect on the consumer is. For a clear exposition of I«rfty «"d «* P 
lems you might refer your students to the article, Whatto D . 

Man’s View (The Yearbook of Agriculture, lDol. page 39a). . 

Cl.cap Food for the Millions. Your students might plan to get 
with a nonprofit organization known as Meals for Millions Fou ’ 

Inc., 115 West Seventh St., Los Angeles, which promotes and dh 

a. 1 r» This hitfu-protcni 


Inc., 115 west aevemn ai., lms I'* _ . . , nrntpin 

a preparation called Multiple Purpose Food (MPF). Tins lug ;P 
» 1 i_ i ...at. TTsJnprrilc nntl vitamins, is avail 


a preparation caiiw* ~ v , <e nv 

food, a soybean by-product fortified with minerals and vitamins, is 
able in tremendous quantities and is produced, according to tnc r 
tion slogan, for "three cents a meal.” 

Food Preservatives. Here is a simple experiment illustrating ti 
of preservatives in food. Beans or peas that have been soaked overn g 
may be macerated and put into seven test tubes of water. One of » 
tubes should be left alone, and one of the following chemicals shou 
added to each of the others: 1 teaspoon of salt, 1 teaspoon of sugar, ‘ 
spoon of vinegar, % teaspoon of boric acid, % teaspoon of alum, a P* ^ 
of benzoate of soda. Students may, over several days, keep records o 

conditions of preservation in each test tube (color, odor, etc.). ^ 

What other methods are there of preserving food? How valua e 
food preservation as a conservation measure? 

Food Testing: A Summary of Common Tests. Table S-3 gives n S p or 
mary of simple tests to identify the important components of foo • ^ ^ 
more complete directions, consult a laboratory' manual of chemistry 
biology. 

Samples to be tested might include grape and cane sugar, nuts, 
potatoes, cereal, butter, eggs. x 

Test for Vitamin C. Add a fruit juice (like orange, lemon, or 
containing ascorbic acid (vitamin C), drop by drop, to an indicator ca 
indophenol. 7 A point is reached where the color of the indicator turn 
from blue to colorless. (Disregard the in-between pink stage.) 

In a laboratory lesson, students may take comparative tests ot 
quantitative differences in the vitamin C content of several fruit juice • 


7 Indophenol, as sodium 2,6-dichlorobenzenone, may be purchased from the ^ 
ical Division of Eastman Kodak Company, Rochester, N.Y. 
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Nutrient 


Test Procedure 


Posit in e Result 


Starch 

Simple sugars 
Glucose or grape 


Sucrose < 


Proteins 

Fats 


am LugoVs solution (Sec. lMo)" BinisMteT^ 


Minerals 

Water 

Vitamins 


Add Fehlmg’s (Se* ie ' 1 , l > " 
Benedict’s solution (Sec. 
and bring to a boil ... 

Add Fehhng’s solution and boil 

Add several milliliters of hydro- 
chloric acid and boiL Neutralize 
with sodium hydroxide. Now 
applv Fehlings test 

Add nitric acid and heat carefully 

Rub food substance on ungbzed 

BunWood substance in an evapo- 
rating dish 

Heat food substance in dry test 

e.Sme chemical Ms, lor cram- 
pie, for vitamin C 

b. Animal ripoimentanon £ 
vise feeding cepenments rvili. 

c , CsTy“S«^L 


Color change from blue 
to green to yellow or 
orange 

No color change 

Color change from green 
to yellow or orange 

Yellow color 

Translucent spot 

Ash remains 

Drops of water condense 
oi walls of dry Mb' 

a. Reactions with specific 
indicators 

b. Symptoms of specific 
deficiency diseases re- 
sult 

Failure to grow 


_ Tr I Sec 16 -lnr) lor this loss™ 

Prepare a 0.1 per cent j ices' trventy times or more. 


^tSUgln svit.no cubic centers 

, T " ^ Z, needed ,0 bieach .be 

SET" ^ K „, m<1 Uris ssucbtu bosvsve o S 
You may also want ^ foo(J supp ly. Hcat he j ^ ^ blcach 10 
the vitamin conten ^ drop s of i l "“,” !llso „. a „t to test and com- 
Si^ntimctrs ol ioaen, and Ires., iuices, diiut- 

pare the ascorbic no, d con 

ing them all equally 



uv.sc -raises AND ranm r.sv.nosvEsi 
T1 ,„ Orance Juice: Paper Chromaloftrapby.' The relatively 

new technique of paper chromatography, of inCT ^"® ^“‘of Tnor" 
chemical analysis, can be adapted to secondary scl “ crimcnl is 

ganic as well as organic compounds. The purpose of In *P 
to show a method of using this technique n he analysis of citric a"^ 
malic acids in orange juice. It is felt that with this background an > 
trious student could go ahead on more advanced research into ot 
ponents contained in this and other materials. Collette is 

A method suggested by Dr. C. II. Wang of 0"fn.S*%h 
given as follows: An old-fashioned vacuum desiccator is obt ™“ |hc 
the top of the lid removed. A petri or crystallizing dish is p laced » 

bottom to hold the saturating solvent. A separatory funne n 

the same solvent is connected by means of neoprene tubing o p 
capillary tubing drawn at the free end. A screw-typo pinch c amp 
tened on the neoprene tubing to regulate the Bow of the solvent- 
man no. 1 filter paper, larger in diameter than the outside flange 
of the desiccator, is processed as described in the next paragrap i • 
with wick attached, is placed across the desiccator as is illustrated in s- 


The large circular filter paper is divided into four or eight parts, 
shown in Fig. 8-10b. Do not fold and do not touch with the fingers a 
more than necessary. Why these precautions? Two circles arc i ra " ^ 
about the absolute center of the paper and slits are cut. by the ra 
blades shown in Fig. 8- 10c (two single-edged blades separated by a 
extra nut between the blades, fastened to a strip of metal), from n ^ 
the outside edge of the filter paper to the inner circle. The unknowoan 
control acids are applied to a marked spot on the second circle. ies 
spots should he kept as small as possible by applying with a a '™ 
capillary tube and allowing each spot to dry' before the next one 
applied in the same place. The number of times the spot is app» e 
called the level of the compound. The level will vary' with the compoun 
and will have to he determined by experimentation. After the spo ^ 
have been applied, a wick consisting of a 3- by 5 -centimeter piece 
filter paper rolled tightly is inserted in a small hole at the absolute cen er 
of the circular filter paper. When this is done, the large filter is read) 
be placed in the desiccator. . , 

During the time the filter paper is being prepared, the desiccator sho 
be closed so that the solvent in the crystallizing dish can saturate 
atmosphere. After the filter paper is placed in the desiccator, alio"' 
solvent from the separatory funnel to drop through the capillary ^ ^ 
onto the wick at a very slow rate. The solvent should drip very slo" ) 
from the bottom of the wick into the crystallizing dish. After 3 hour 5 

* From the West Coast Science Teachers’ Sommer Conference, 1054, in The Sctev 
Teacher, February, 1933. 
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ctHimsc u%jn« mt*-'-' »** 
the solvent front thoiihl ! 
rat or. Ilrin'tw* the filter t»< 
fill it should then In* *te m 
11 nun phenol Mur. tM | v 1 
or other I mil i atpiraM •» 


I ARM AMI rami'! 

•%r advanced m.irli to the edtie of the ilroc- 
:n the divctafnr and dry with warm air riie 
,-l ji»,l dried twite to roiwivi anv acetic acid, 
lent, tint l « hern placet! in a n<«e spraver 
ipplieiS |i«*1ith tn the surface and tin filter is 
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1. Can other unknowns such as apple juice or grapefruit juice be 
analyzed? 

2. Do frozen, canned, and fresh orange juice contain the same com- 
pounds? _ . . 

3. Can the presence or absence of certain compounds in orange juice 
be correlated with taste preferences? 

. 4. Can the “fresh" taste of orange juice be restored by adding certain 
compounds? 

Experimentation with the apparatus and techniques suggested by Dr. 
Wang has produced excellent results. The list in Table 8-4 contains rec- 


Table 8-4. Recommended Reagents for Paper Chromatography Experiments 
Solutions 


Amino acids. Organic adds. 


Sugars, S 


mg per ml 


mg per ml 


Clucose 

2 

Aspartic add 

5 

Citric acid 

10 

Fructose 

o 

Glutamic acid 

5 

Malic add 

5 

Lactose 

2 

Cystine 

5 

Oxalic add 

5 

Sucrose 

2 

Glycine 

5 

Tartaric add 

5 

Maltose 

2 

Leucine 

5 



Galactose 

2 

Histidine 

5 



Mannose 

2 





Xj lose 

2 






Indicators 


For sugars — ammoniacal sil\ er nitrate. Do not allow to dry silver fulminate is 

formed. 

For amino adds — ninhydrin in butanol saturated with water. 

For organic acids — 0.12 bromphenol blue. Sleam chromatograph first to dlssobe 
acetic acid. 


Solvent 


Butanol, acetic add saturated with water (5-1-4) 


ommended solutions, solvents, indicators, and concentrations of each. 
Other solvents, indicators, and solutions can be obtained from die nu- 
merous references on this subject.® 

•Philip S. Baber, Apparatus for Demonstrating Paper Chromatography, Journal 
of Chemical Education, voL 31, no. 5, p. 237, May, 1954. 

Calen W. Ewing, lartrumento! Methods of Chemical Analysis, chap. 18, McGra^- 
IJil} Boob Company, Inc., New York, 1954. 

John G. Surab, and Robert J. Martinowich, Circular Paper Chromatography 
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A Well-balanced Diet. You may want to follow tills wo* food 
analysis (or precede it) with a discussion of the essential components of 
a well-balanced diet. This might be the time to discuss the role played 
by each food component as well as by water in sustaining I*- Some 
students enjoy preparing charts and exhibits; otters might report or Mhe 
results of diet dcBdcncies. Still other students might . Bustr ate ’ f °° d 
and the all importance of healthy plan, life for healthy 
ing healthy man. Your class might want to wrestle with one of the large 
questions, “Is there enough to go around. 

8-15. The Form and Fibers 
The farm supplies 

classes* of mw UbersfrmL which all textiles are made. These are animal. 

vegetable, mineral, and synthetic soureex ^ t0 see that ma- 

Fabrics and Natural Resources. It ■ J direct lj, f rom the 

terials like cotton find wool are res fabrics coming from the test 
farm. It is harder for them * ou, of "thin air- 
lube (Fig. 8-11) — the synthetics—arenot 

but require basic natural resource • * naturjd res0 urces from which 

Here are some important textiles an j|Ikworms; rayon, cot- 

they come: cotton, cod™ P ,an ‘ . ' - r wat er; or Ion, petroleum, water, 

ton linters or wood puip; nylon. ■ ' nd limestone, soda ash; 

sal,; dacron, petroleum, starch or sugar, glass, 

saran, petroleum, salt. ctudents may tale samples of cotton, 

Identifying the Diiferen FitoiStadm X M „„. These are some 
wool, silk! rayon, nylon, orlon, dacron, , *» g ^ g . 5); 
of the tests that wiU help *»«“**,“ ov „ a flat white plate or pan 
Burning. Using a single fiber b ^ Notice spee d of burning, 

with a small flame, such as a > n . Tqfe 

odor, and ash. pi ace a sample of each clot in sep 

Solubilitii. sodium hydroxide. milhliters of a 10 per ce 

, os, thes. Cover each “ “t Ifc 

sodium hydroxide solid on. F U a « ^ bcakBr d teve diem d - 

and heat it to boiling. P '““ fjXSde solution and notice whether 

£ disVd. p _ liir , usin8 emmeoh^ 

HYDROCHLORIC ACID. e P — 


ilLORlC Auu 7. ."I - 95 _ 9Si 

Qualitative Analyst journal of &*•** *** ^ ^ Trc , 

j. >« » w - 

»/ Organic Chemistry. Academ 
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Fig. 8-11. Here, in its most elementary form, is the birth of a man-made fiber, 
in a research chemist's test tube. (E. I. dit Pont de Nemours 6- Company, 
rescach laboratory.) 


chloric add instead of sodium hydroxide. Notice whether or not the fibers 
arc soluble in the acid. 

Microscope. Unravel a piece of each material. Mount one of each o 
the fibers on a glass slide and examine it carefully under the microscope 

(Fig- S' 1 *)- 

To Identify the Animal Fibers, Silk and Wool. Place a fiber along 
a few drops of dilute nitric add in a test tube and warm. The anima 
fibers, containing protein, will turn yellow; other fibers will not 

When samples of various fibers are heated in a test tube and moistened 
pink and blue litmus papers are held in the vapor, wool and silk, the 
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Table S-5. A Summary of Tests 


Textile 


Sodium 

Ilydro- 


Burning 

hydroxide 


Microscope 

Cotton 

Bums readily, little 
odor, little as!i 

■ None 

Only slightly Flat, twisted 
affected 

Wool 

Bums fast, gummy 
residue, smells of 
burning hair 

Dissolves 

None 

Bough, scaly 


Silk 

Bums slowly, flame 

Dissolves 

Dissolves 



extinguishes itself. 


slowly 

cal, width irrecu- 


leaves small black 
tread; smells of 
burning hair 


lar 



Rayon 

Bums very quickly, 

Swells or 

Dissolves 

Smooth, cyhndri- 


odor varies with 
type of rayon; fine 
gray ash 

gelatinizes 

slowly 

cal, striated 

Nylon 

Difficult to Ignite; 

Insoluble 

Dissolves 

Smooth, cyhndri- 


shrinks from flame. 
Celery odor, round 
hard bead 


slowly 

cal 

Orion 

Ignites readily; not 

Fairly resist- 

Not attacked 

Twisted, striated 


self-extinguishing; 
black bead, acrid 
odor 

ant 



Dacron 

Hard to ignite; 

Dissolves in 

Not attacked 

Round, smooth, 


shrinks from flame, 

boiling 


kinky in places 


pungent odor; 
round hard head 

N'aOIf 



Spun glass 

Docs not bum; 

No effect 

Attacked by 

Round, transparent 

softens, forming 


conceri- 



round bead 


hated acid 


Snrfln 

Ignites with moder- 

Insoluble 

Not attacked 

Round 


ate difficulty, self- 

extinguishing, acrid 





odor, Mild bead 





animal fibers, will turn pink litmus to blue because of the formation of 
ammonia (ammonium hydroxide when moist). 

To Tell the Difference between Animal and Vegetable Fibers. Place a 
drop of a 2 per cent solution of sulfuric add on samples to be tested and 
allow it to penetrate through the goods. Then place the samples between 
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two pieces of paper and press with a hot iron. The vegetable fibers will 
char, but the animal fibers will remain as they were. 

To Analyze a Mixed Material. Obtain a sample of a mixed animal and 
vegetable material such as wool and cotton, or silk and rayon. Put 2 
teaspoons of lye in a pint of water. Boil the sample 5 to 10 minutes. Any 
wool or silk will dissolve, while cotton, rayon, or linen will remain. This 
experiment may be done quantitatively, by weighing the sample “before” 
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and -after- and calculating the percentage of each fiber in the sample. 

Other simple fiber tests may be found in Test It Yourself (See. 19-2a-) 
anil in Ucrng Chemistry.™ Students who are interested in man-made 
fillers may write to Textile Work!, 330 West 42d St., New York for a 
complete chart called Synthetic-fiber Table. 

•Technical and Production Data of Sirteen Principal Synthetic Fibers 
and Metallic Yams** may be obtained from America’s Textile Reporter 
286 Congress St, Boston, Mass. 

8-16. Other Farm Products 

Ethyl Alcohol from Sugar. This is an experiment students might do 
alone or in small groups: Dissolve 60 grams of grape sugar in about 600 
milliliters of water in a liter flask A. Warm this solution to 40°C. Then 
add to it one- third of a yeast cake (powdered). Arrange apparatus as in 
Fig. 8-1 3o and set aside in a warm place for 48 hours. Then note the 
condition of the lime water in test tube B. Note the odor of the fermented 
mixture. Distill the solution in the liter flask, attaching the flask to a 
Liebig condenser as showi in Fig. 8- 13b. When 150 cubic centimeters of 
distillate has collected in the receiving flask, stop the distillation, discard 
down the sink the residue in the distilling flask, and replace it with the 
distillate. 

Redistill this and test the second distillate for proof spirits (at least 
50 per cent alcohol) at once, when drops of it first drip from the con- 
denser. Tins test is made by taking a small piece of asbestos paper in a 
forceps, wetting the paper with the distillate as it drips from the con- 
denser, and then holding it for a moment in the biinsen flame. The liquid 
will then bum With a pale blue flame if it is of proof spirits quality. Con- 
tinue making tliis test at brief intervals until the distillate no longer burns. 
Then stop the distillation and measure the volume of the distillate. What 
are the uses of ethyl alcohol? 

Soap from Fats (by the Cold Process). Students may dissolve 10 grams 
of sodium hydroxide in 45 milliliters of water and allow it to cool. When 
cold, the lye should be poured slowly into 75 grams olive oil (or cotton- 
seed or cocoanut oil, although they are not as satisfactory), stirring all 
the time with a stirring rod or egg beater. The mixture should be stirred 
until the lye and oil have reacted sufficiently to give the mixture the 
consistency of honey (15 to 30 minutes). Then it should be poured into 
.a pasteboard box with wet sides, wrapped up in a wet towel, and put 
in a warm place for 2 weeks. . 

Your students might study the chemistry of saponification. What im- 
portent by-pmib.Lt is formed? Why did we salvage fats during the last 
war? Why £ homemade farm soap a 'soft soapT (When weed ashes are 

w Op. eit. 
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leached for alkali, a potassium rather than a sodium compound is ob- 
tained; this makes the soap soft.) , . use(!? p rom w hat 

What substitution products for soap arc no > 

ia\v materials are they made? 



(b) 


Fig. 8-13. Making alcohol from grape sugar. Apparatus for (a) Fermentation 
of grape sugar with the aid of yeast; (b) fractional distillation of the etn) 
alcohol obtained in (a). 


Starch from Potatoes. Here is a simple experiment for students to tr> * 
Reduce a clean new potato to a fine pulp by first peeling it and then 
grating it on the medium-rough surface of a regular kitchen grater. Soa 
this for 5 minutes in a small amount of cold water, pour it all into a stout 
linen or cheesecloth bag, and squeeze out all the liquid into a clean non 
pan. Repeat this, wetting the pulp and squeezing three times. The stare 
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is earned mechanically through the doth and settles at the bottom of the 
pan. I ne clear water ma) be poured off and the starch dried. 

Mate starch paste of a portion of tins starch and apply the iodine test 
to it (oec, 8-14). From what other vegetables is starch prepared 9 How is 
starch prepared on a large scale J 

Dextrin from Starch. Staich is converted into dextrin at 205°C. Stu- 
dents may heat 20 grams of finely powdered starch in a porcelain dish, 
stirring constantly with a tcaspuon for 8 to 10 minutes, taking care not 
to bum the starch. After this time, the material should be cooled, 100 
milliliters of water added, and the mixture stirred and filtered. The fil- 
trate should then be evaporated down to 50 milliliters. The dextrin may 
be precipitated by adding denatured alcohol, until a light coffee-colored 
precipitate permanently appears This should be filtered (or allowed to 
settle), dried, and a paste made of it. Students may test its sticking qual- 
ities. What happens molecularly when dextrin is made from starch? Wliat 
are some of the uses of dextrin? 

Solid Fats from Vegetable Oil. Vegetable oils have long been impor- 
tant foods for many peoples. In solidified form they can he used as a 
substitute for animal fat or lard. Ask your students what is the advantage 
of this. Elicit from them that when vegetable oils are used in this way 
one step in the "food chain” is saved; consequently this means a cheaper 
product than tint obtained from animal sources. 

For detailed directions on hydrogenation of oil see Test It Yourself! 
(Sec. I9-2ui). 

Other Farm Products of Importance. Committees of students could 
study, arrange exhibits and make reports on other industrial products of 
the farm. Here are some suggestions: 

Rayon, cellophane, dynamite, plastics, lacquers, pliotogr.iphic films 
from wood or cotton; casein plastics from milk; nylon irom corncobs and 
bulbs; glue, paint, varnish, lacquer, and products used for coating paper 
from soybean oil. 


8-17, The Farm and Chemistry 

A Cooperative Venture. There is an interesting interrelatedness be- 
(ween the farmer’s and Che chemists ivnrfr. which you as a science teacher 
may want to accent. 

The farmer of today relies on the chemist for help in fighting insects, 
fungi plant diseases, weeds. The farmer could hardly get along without 
the products of chemical research-improved fertilizer, plant hormones, 
poultry and livestock feeds. In addition, chemistry has had a hand in 
improving living conditions on the fauna, providing healthier surround 
fugs and helping to eliminate many backbrcakmg tasks. Through the 

science of ehemnrgy. in*** h “ «” f ° u " d incrca,,n S ■'*> 
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products or the residues of these products. Wood and cotton, grains and 
sugars, corncobs, soybean oil, and others are needed for these gigantic 
and expanding chemical industries. 

Nevertheless, the farmer faces stiff competition. Soap substitutes, plas- 
tics in place of leather, synthetic textiles instead of cotton or wool, all 
have played a part in cutting down the use of farm products and increas- 
ing surpluses. 

Students will be interested in following the reports of President Eisen- 
hower s bipartisan committee called the Commission on Increased Indus- 
trial Use of Agricultural Products. 

The Commission has already come up with some exciting suggestions 
for new uses and new crops. Cashmere from com, fiber from poultry 
feathers, antibiotics from cereal grains, growth of a crop called “grear," 
with countless industrial applications, are only a few of the proposals. 

What a fine exhibit your students might make to show the products of 
the chemist for the farm and the farm for chemistry. Some of the tradi- 
tional experiments in a chemistry course, like the destructive distillation 
of wood (Sec. 10-12) or alcoholic fermentation (Sec. 8-16), will take on 
an added dimension as students begin to recognize these interrelation- 
ships. Here, too, may be found many examples of science used crea- 
tively in the service of man. 



9 

The Forest and Living Things 


In this chapter you will find suggestions for giving your students a 
firsthand acquaint, mce with the forest and its living tilings — trees, co\ er, 
animal life — as well as its enemies — insects, disease, and fire. Mans con- 
tinuing need of the forest and of forest products is explored and ways 
of giving students direct experience in forest management are indicated. 

THE LIVING FOREST 
9-1. Starting a Forestry Unit 

If you live in a community where trees abound, or even if you live 
where they are scarce, there are many outdoor activities that may In* 
used to lead into conservation education. These activities ought not to 
be treated as isolated exercises but as links in the growing chain of under- 
standing of the u ise use of our resources — in this case, our forests. 

Many of the topics dealt with in this chapter are included in Snggrs- 
lions for Integrating Forestry in the Mot I cm Curriculum, by the U.S. 
Forest Service. You might find this an invaluable pamphlet for suggest- 
ing still other areas to be explored by your class. Many ideas, too, base 
been gleaned from Conservation: A Handbook, for Teachers (See. I9-2/>). 

The Forest Community . Here is one way in which a unit on forestry 
might be started. Ask your students, “Wb.it besides trees do we find in a 
forest?" As they enter the woods, students will obsen-e with varying de- 
grees of perception. 

At the end of the trip, they might compare notes and begin to sense 
how many and various are the firing things that constitute a forest com- 
munity. What is the relationship of these filing things to each other and 
to their environment? 

There mMit l>c some discussion of the differences in forest commuru- 

* 151 
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ties as one goes from north to south or cast to west across the United 
States. 

9-2. A Study of Trees 

Tree Identification. Learning to identify trees is not in itself conserva- 
tion, hut it is a helpful step in leam.ng to read rt ' c '""S" ® 0 f 

The hinds of trees we find in a region tell ns much .toot *e fertdrty 
the soil as well as its moisture. Foresters need to know which tre 
cut and which to preserve in order to keep the orest, prod lu< c ^ ^ 
kind 


nd wmen 10 preserve hi uiul. — r * . . , ( fnrest 

of wildlife, too, is dependent to some extent on the kind 


m an area. 


You wili find books like the following helpful: Trees: A Guide to Ta- 
miliar American Trees, by H. S. Zim and A. C. Martin (! Sim™ < ““ 
Schuster, Inc., New York, 1952); and Kneeing Your Trees {Sec- W 
Tree Census. As a pleasurable means for gaining skill in the iden 
tion of trees and shrubs, students might be assigned small areas aro y n 
the school, along nearby streets, or in a wooded region. In these re S 10 
they might record the kinds of trees and their size. They may measu 
the trunk at a designated height, perhaps 4 feet up from the grount . 

Which types of trees serve for shade, which might be used as wm 
breaks, and which would attract birds to nest? Thus, students learn a 
certain trees and shrubs are valued for individual uses. 

Age of Trees: Cross Section of a Tree Trunk. Students may examine 
the layers and rings of a cut tree trunk, and count the rings to determine 
age. Next, they might find out the functions performed by the inner 
and outer layers of bark, the sapwood, and the heartwood in a living 
tree (Fig. 9-la). 

Determining a tree’s age, noticing irregularities, may open up discus- 
sion of possible causes of injury — such as old fire scars (Fig. 9-lb), too 
little rainfall. The width of the ring indicates the wetness of the year. 
Many successive narrow rings may indicate droughts or a hard struggle 
for life in a forest which is too crowded (Fig. 9-lc) or too poor in its 
soil. 

City teachers may contact the Park Department, which supervises city 
trees and discards infected ones. City park departments will no doubt 
cooperate in supplying a freshly cut log for studying cross sections. 

Sample Core of a Tree Trunk. If you can arrange to have the help of a 
forester, he might show your students how the recent rate of growth o 
a tree may be determined by means of an increment borer. 

Your students might obtain information through UNESCO about a 
new instrument which can automatically compute the age and annua 
growth of trees. A core of wood taken from the tree trunk is fed into a 
machine which then both counts the number of concentric rings am 
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measures the uiddi between them Wh** ^rr . , 

have in assessing the results of forni ** ^ "” S “ 5 " d ' "’“ tomJ finn" 

forecasting forestry resources? ° P ro g r ras or in more accurately 


Outer ba/lc 



Tig. 9-1. Cross section of a lice. («) Tlie parts of the trunk; (l>) effect of fire: 
(c) effect of crowding followed by thinning. 

Counting Whorls. Students might examine pine trees of different si/es 
and observe how the branches grow in whorls around ihc trunk. Hate 
them count the number of whorls of branches or branch scars along the 
trunk from the ground to the top of the tree. For some species of pine, 
such as white, red. Austrian, Scotch, the number of whorls gives the age 
of the tree. Many others grow irregularly, producing several w horls each 
year. To check this, the number of annual rings on a branch may be 
counted, or if there is good reason to do so. the free may be cut down 
and the annual rings in the stump counted and compared (o flic number 
of whorls. 



1S ( uvra THINGS AND Timm ENVIRONMENT 

A studv of Leaves: Blueprints. There are times when a set of blueprint 

they can match the blueprints. mrdboard 

The technique is simple enough. Tape one end of as Cul 

as backing to one side of a small pane of glass about 6 tnches square Cu 
the cardboard to fit the size of the glass Insert a Jeetofbluepnnt 
paper between the glass and the cardboard backing. Now lay a 1 e 
the surface of the blueprint paper and expose the pnnt FP er ® he 

for a few minutes or until a strong pnnt is produced Then 
blueprint paper, rinse it in water and hang each of these up to D 
photographic prints are dried. Finally flatten them under some "-eight. 

Similarly, students may want to make outlines of leaves on P 
graphic paper. They may use the same kind of frame suggested for i 
print paper. Caution students to handle the photographic pnnt . paper 
darkness. An electric light bulb may be substituted for the sunlight, 
paper will then need to be developed, fixed, and rinsed. In this kino 
activity, students leom a skill as well as subject matter. 

Leaf Skeletons. You may want to develop a library of lantern slides 
different leaves; this may help students in keying out plants and in learn- 
ing to identify weeds and cultivated plants. 

One suggested method is this: Prepare a solution by dissolving 4 ounces 
of sodium carbonate in 16 ounces of boiling water. Then add 2 ounces o 
calcium hydroxide and boil for 15 minutes. Filter the solution after it aS 
cooled. When leaves are to be prepared they should be boiled in tins 
solution for about an hour. Then the soft parts of the leaves may c 
rubbed away so the tougher web of veins remains. These skeletons ma> 
Ik: mounted with library paste on cards or inserted between two lantern 


slides and then taped. . 

Changes with the Seasons. Note and discuss the effects of seasona 
changes upon trees. Your students might keep a written diary of changes 
observed in one tree throughout the school year. . 

If, for instance, a study of why leaves fall is linked with results o 
their falling, the protection of soil, the checking of runoff through water 
storage, the aid to wildlife, or, on the negative side, the increase of f> rt 
liazanl. th.n the study becomes a way of pointing up conservation con* 
copts. 

Autumn Coloring. As the fall season approaches, we anticipate trie 
Ikcauty of a countryside aglow with color. Many of us start wondcriOj. 
\shat makes the leaves turn from green to brilliant yellow, orange, or rcO- 
Karlv in autumn your students might make observations of the color 
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changes, noting also the daily weather, temperature, humidity, length 
of daylight, and occurrence of frost. Clear, bright days and cool, crisp 
nights seem to be the most favorable conditions. Though lack of mois. 
tore, fungus attacks, and frosts play a part, scientists now belies e that 
length of day is an important factor. 

The shortening of daylight seems to cause a decrease in production of 
the plant hormone, auxin. This, in turn, results in the formation of a 
layer of cells (absciss layer) at the base of each leaf. These cells act to 
separate the leaves from the branches so that little food and water can 
circulate. Each leaf, therefore, becomes isolated. No new chlorophyll is 
formed and as the old gradually disintegrates the dyes and pigments in 
the leaf, which had been masked by the green, are revealed in their vivid' 


The reds and purples are a function of the sugar content of the leaves. 
With sudden frost, the sugar is trapped in the leaves and cannot move 
down the stems. The leaves finally turn brown as a result of the action 
of tannins on the protein matter. 


9-3. Some Field Trip Techniques 


To begin to explore the out of doors— a wood lot, a forest, a glen— you 
might want to consider these suggestions: 

Trip 1: What Did You See? This might be a pure and simple walking 
trip with no comment or explanation by the teacher until the end. Then 
only would he ask, "‘What did you see?” The extent and acuity of the 
students' observations often reveal, to an unsurpassed degree, the truly 
gifted youngster. 

Trip 2: What Is a Plant? On a second trip the teacher may ask students 
to bring him a plant (Fig. 9-2). Students will at first bring leaves, bios- 
soms, or a stem with leaves and flowers. Only a “whole" plant, uprooted 
With the dirt still clinging to it, will bring home to the students that the 
plant is an organism, rooted in the soil and dependent on it. 

Trip 3: Wliat Makes the Difference? On this trip the teacher would 
lead the group to a small clearing or opening where sun-loving plants 
could flourish. “Why,” he might ask, after students had had a chance for 
observation, “don't the plants in the clearing look the same as those on 


the wooded side of the trail? r 

Trip 4: On Which Side Does the Moss Grow? The purpose of 
the next trip might be to examine a large mossy inclined tree. The teacher 
would ash, “On which side is the moss?" The youngsters might decide It 
was the east side. "Why not the north?" would be the next query. The 
students would have to figure out that the muss grew on the surface down 
which the rain ran. Would this he on the same side for all the trees. 
This would be the side not only that got the wettest, hut also the one 
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that was least exposed to evaporation. If someone happened to identify 
tre“as a svLore, well and good; but identification at this point 
might not be as important as the understandings gained through attemp 
ing to resolve questions. 



Fig. 9-2. What is a plant? Is it (a) leaf? (b) flower? (c) stem-leaf -flower? 
(<f) root-stcm-lcaf-flower? 


With paper or plastic bags brought for the purpose, the youngsters 
might collect samples of wood from a decaying log, some perhaps show- 
ing mycclia of fungi at different stages of decay. These could then he 
examined and classified on return to class, with the aid of a magnifying 
glass or microscope. 

Trip 5: A Time for Listening. This trip could be for picnic lunch be- 
side a stream. The lunch time, quietest time in the day, would provide 
opportunity for the youngsters to become aware of woodland noises: 
bird song, frog voices, trees swaying, water music. If the teacher were 
ashed to identify by their calls the names of birds, be would do so (if 
be could) and afterwards arrange in class for a playback of recordings 1 of 
bird songs and amphibian sounds. 

Trip G: When Is a Leaf Not a Leaf? The teacher would hold up a sim* 
pie and then a compound leaf (Fig. 9-3) and ash, “Winch is a leaf?" 
The objective, of course, would be for students to sec that both arc, and 
perliaps to note, in addition, variations in shape, color, margins, etc., 
again without the necessity of naming unless the question arose. Fcrli3p s 
this trip would afford a place to see poison ivy growing beside woodbine, 
to note the long bare central petiole of the ""untouchable" one and the 
Evc-flngered design of woodbine. 

’ V&Jtr-v-i 1 an <l 2 of American Bird Sen-t. and Voice* of the Stght, Corral 
IWnn!i, Ithaca, N V 
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Trip 7s “The Old Order Chaogetli.” Discover examples of trees which 
are disappearing from a certain woodland because they are being shaded 
out by larger, more vigoious trees — an analogy, perhaps, to examples of 
social evolution and change within the human species if we could but 
read it. 
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94. Other Observations in the Forest 

The Forest Floor. When students are in the woods they may note the 
“spring" in their steps as they walk on the forest floor. What is the reason 
for this? Suggest that they squeeze a handful of the upper material and 
then let go. Does it come hack to its original shape? Can students ex- 
plain? . . , . 

If the soil is moist, water may actually be squeezed out. Does this help 
students understand why it is recommended that trees be planted aroun 
reservoirs, on high farm land, and on the headwaters of streams? 

The Forest as Protector of Soil. Do forests help prevent erosion? Stu- 
dents begin to find an answer to this question when they discover how 
the forest keeps soil moist. What evidences do they find of water held or 
checked in its movement? In a deforested area, what has happened to 
the soil? What differences in temperature and humidity do they find in 
a forested area as compared to a nearby open area? Can they explain 
the difference? On returning from this trip students may be ready to deal 
with some of these questions: 

What varieties of trees in particular are used for checking soil erosion. 
What characteristics do these varieties possess that make them especially 
adapted to this purpose? 

Which has the greatest potential water-holding capacity, the soil aided 
by forests and other vegetation, or man-built dams? 

How do forests affect the quality as well as the quantity of water sup- 
ply for human consumption? 

Draw to scale a 5 per cent slope (Sec. 7-13), a 50 per cent slope, and a 
65 per cent slope. On which would you expect to be able to check erosion 
with grass? With forest? 

How a Forest Spreads. If your school is near the woods, then a field 
trip to the surrounding meadows might be planned to study how a forest 
spreads. Can students discover pioneer trees? Are they the light-seeded 
ones (ash, aspen, hemlock, maple, pine, and others) or the heavy-seeded 
ones (beech, hickory, or other nut-bearing trees)? Are the pioneer trees 
larger in the middle of the field or close to the woods? Why? Which side 
of the forest seems to be seeded most easily? Might the direction of the 
prevailing wind have anything to do with this? How important is natural 
reseeding to good forestry practice? 

What kinds of trees are not able to germinate in their own shade? 
Students might investigate the shade-tolerance scale of tree seedlings. 
Tins might be a time to engage in a study of the succession of trees and 
the final emergence of the climax forest. 

Do Trees and Cows Belong Together? Select two wood lots, a hard* 
wood stand where cows graze, and another that is not grazed. In the 
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two wood lots compare the following things: abundance of young tree 
and shrub growth, amount of leaves and duff on the forest floor, com- 
pactness of soil (Sec. 7-7), height from the ground of leaf-bearing 
branches, approximate age of the majority of the trees, and extent to 
which tree roots are exposed. 

On the basis of your students’ observations, do they think that healthy 
cows and a good crop of trees can be nurtured on the same land? 

While you and your students are studying these hvotvood lots, you 
might compare their relative values as habitats for svddhfe Which wood 
lot has the most animal signs? What can you conclude about the rela- 
tionship of cattle and midlife in wood lots? 

Flora and Fauna of the Forest. The delicate plants of the Forest are 
often small and hidden. They can easily he passed over unless you 
help your students to develop the seeing eye. 

a« s? - s*. « * * - - 

instances, quite readily . . shouM y01 , walk in lie woods in 

Indian Pipe. A Saproplryl-c ^ of wUtB ,„dian 

late spring or early fall >™ ? 1 d Men ] ra ves, so you may have to 
pipe. They grow in shaded spo« ^ !tu dents esamine the plant rela- 
move aside these decaying nQt n> they cannot make food; 

tionship here. Since the p Have students explain what proc- 

nei tiler are they P^oil ho-v’n.alerials of humus might be made sol- 
esses must go on in the . D ]ants. 

uble so they can enter the India P P^P secd p , ants with mushrooms. 
Students may want to co P Perhaps it might be possible to 

which should be found in the sam ^ soil ,| iey are in, to a 

transport some of these P bn * s > um 5eems almost a requirement of 
terrarium in the dass '“ m ; n t er ,eIationships among plants and animals, 
a classroom interested , t h e directions in Sec. 9-5. 

Students can make se'eral foUow mg bring in samples^ 

Mushrooms as Saprophy c Phn^ " bracl , t fungi that grow on the 
mushrooms and of them want to learn to disungu h 

n f stumps of trees. In fact, y mushrooms. Some stu 

t S plols P varieties horn and ley out the forms so 

dents may learn t0 , . n exhibit case in school. 

that they can be mounted m an cx. 
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What materials do these plants remove from the soil or dead trees? 
What materials do they return to the soil? What do students o serv 
to be the characteristics of the soil in which these saprophytes ar 

^Perhaps some students may want to try to beep these mushrooms 
growing in a terrarium. 


9-5. Creating Natural Habitats, Indoors and Outdoors 

A Terrarium. Terrariums offer scope for the creativity and imagination 
of the designer. They may range from small fishbowl gardens to w 
lands or deserts in large aquarium tanks (Sec. 5-9). 

A terrarium may be prepared in this way: At the bottom of a * an " 
add a 1-inch layer of coarse gravel or pebbles along with a few bits o 
charcoal. Over this spread a half-inch layer of sand. Over these la) ers 
add an inch layer of a light loam soil and plant the vegetation in t is 
layer. Watch the amount of moisture needed and keep the terrarium 
covered (Fig. 9-4). Should mold occur in the tank, remove the cover 



Fig. 9-4. A woodland terrarium. 


so that its moisture content is reduced. An electric light bulb might 
be used to supply light during the winter months. 

Culturing Mosses and Ferns. Students may collect specimens along 
with small amounts of soil. These may be transported in moist paper 
in a vasculum or the mosses or ferns may be wrapped in w'axed paper- 
In class transfer the plants to terrariums. 

Students may cultivate many kinds of mosses, such as Polytrichum 
and Mnium, and such liverworts as Pellia and Marchantia. Small 
specimens of many ferns can be maintained in a drier terrarium, 
along with club mosses and horsetails. 

Nature Trails on the School Grounds. Students in one class in general 
science or in biolog)' might take responsibility for this long-range proj- 
ect: a nature trail around school. Some students may make decorative 
wood markers in the shop, and others may paint these markers. Then 
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the trees and shrubs need to be identified. Students may plant trees 
to attract birds; for example, there might be flowering crab apple, white 
oak, black cherry, hot elder, elderbem, blackberry, Japanese barberry. 

Birdhouses (Sec. 9-6) might attract permanent residents, too. Models 
of farming methods such as terracing or strip cropping might be in- 
cluded somewhere along the trail. Fallen tree logs might be towed to 
a spot convenient for study by a group of students. Spring flowers and 
ferns and mosses might be transplanted, in some of their soil to a shady, 
moist area of the same soil acidity. In fact, a small artificial ake mjgh 
even be constructed and stocked with plants and animals brougit 
from another region some distance away. . , 

Over several years, will, planning and the imagination that student 
bring to such a project, a number o! claves of young people might 
achieve such a goal through a pooling of their efforts. They ma sen 
plan a mimeographed guide sheet asking questions concerned 
interrelationships between plants and animals Lessons on so, pH S o 
7-9), iden.tEca.ion of plants and 9 f and anatomy Tf^ ptab 

3-15), reproduction and vanaben. ( ^ , rith llvi /g materials 

ta ,h“eh na^l habitat. These are valuable, purposeful activities. 

9-6. A Study of Wildlife 
Signs of Wildlife. When 

they might see how many sign and of leftovers such as 

tracks, bedding spots, n< g> F f^„, ers bits oAiair, droppings may also 
chewed cones or nut husks. together the stories that these 

be discovered. Can your ^ animal are reflected 

signs tell? What needs and habits ot p 

in these signs? , _ . , , e hl j e nts might End the tracks nf 

Making a Cast of An,mal J' They might try a dog or rabbit 

some animal in snow, mu , Then perhaps they can find 

track first, since there are plenty 

tracks of forest wildlife-raccoon, , ^ ‘ c;lrdboard ring around 

Here ore directions for them lbls h the ring gently into 

the track and secure cannot run out under it. Th.s wall 

the ground or snow, 50 P 

holds in the plaster (Fig. 9-5). sprinkle about 

For each cup of m stand for 2 or 3 minutes, then 

cups of plaster of P ans ‘ A lo h , d bc about like pancake batter. It 
J until smooth the P our the ^ 

sets quickly, so do no, daw ^ ^ ^ ^ ^ x .y. 

‘Cornell Conwmlwn Corner 



Fig. 9-5. Materials needed for 
a cast of animal tracks. 


naking 
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,he track, to a depth of about 1% inches. The plaster should be liquid 
enough so that all air bubbles can ■»*£«£ .^ ^ „ „ fairIy 

fresh, the cast should be ready to 
pick up in about % hour. When 
the plaster is hard, carefully pick 
up the cast, peel off the cardboard, 
and gently clean the surface with 
an old toothbrush. 

The cast just made is called a 
negative cast. If you want a positive 
cast, one that looks just like the 
track on the ground, smear the neg- 
ative with petroleum jelly, put a cardboard or clay wall around it exten 
ing about 2 inches above the negative, then pour in the plaster nux * * 
Let the plaster set, then remove the wall and separate the casts. ^ 
will not work on negative casts with undercuts, such as the cast o 
deer track in mud. , . 

Wildlife Needs Cover. Spend a little time with your class stuaju^ 
the requirements of animals (food, water, cover), then take your s 
dents out and examine the border of a woods, next to a field of g ral 
or hay (Fig. S-3). What animal signs do they find? Do they find more 
in the border areas than in the center of the wood lot? Can your 1 
dents explain what they find? Do they think that wood borders 
he improved for wildlife by the planting of food-bearing shrubs. 0 
hedgerows help? 

Students may walk along any country road 
shrubbery between the road and a field have not been cut e 
burned. Can they’ discover whether the presence of hedgerow’s res 
makes any difference in the abundance of wildlife? 

A Wildlife Census. Perhaps your students could help in taking^ 
census of the wildlife in a given forest region. Such a project may 
under way in your county or state, in which case you could very mj* 
receive guidance from experts. The Conservation Handbook (Sec. I® - '* ' 
on page 1S5 describes a census of small mammals, conducted by two 
biology’ classes at Smith Center, Kansas, in cooperation with a state 
census. 

Whether or not your students have taken this or a similar census, the) 
may want to find out whether the forest is under- or overpopulated wi 
wildlife and just what the local wildlife problems are. This may 1«* 
to the making of shelters, feeding stations, or watering places for wild- 
life species in need of help. 


where the brush and 
: down and 
really 


Others of your group might be interested in cooperating 


with the 
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State Fish and Game Commission, or the Conservation Department, 
banding or marking some wild animals as a help in the study of wild- 
life. 

All the work might be followed by a discussion of such questions 
as these: What are some practices in farming, forestry, industry, and 
commerce that are beneficial to wildlife? What practices are detrimental? 
Could any of these be economically changed to avoid such harm? 

Ask your students to find out what are the benefits and the damages 
to forests caused by beaver, elk, deer, squirrels, woodpeckers porcupines, 
or other animals found in your woods. Suggest that they find dlustrabons 
of what happens when a certain species of wildlife is overprotected b> 
man. Where does wildlife fit into the balance of nature? 

An excellent booklet on wildlife management in its many phases 
may be obtained from Boy Scouts of America, 2 Park Ave. New York. 

Protection of Birds. The key to rvildhfe conservation is the impreve 
ment of the environment. In the ease of btrds this means providing 
plantings for food and cover. Look for an appropria e spo v, 

^,r students can plan, shrubs for shelter and nesting places, and 

mimW^r class to join or help to organise a .oca, 

group interested in the building birdhouses 

Certain of your students my be dnteresteo irn, arB 

for the school grounds or h Service, or perhaps from 

£ State DTpa^en,- of Conservabon or the National Audubon Socfety, 

not only of songbirds but also o authorities in the com- 

Young people could turn over ^Xndoned. must kill ,o live. 

££* Un m ncst b0 '- 

cans may be obtained from res ^ole 1/j inches m d,,inncl " 

fruit and vegetables in quan ty ^ can . The edges of the hole 

should be cut two-thirds of J ^he top cover of the can should 
should be bent over or filed smooth- ^ tj P _ „ lt s0 that it pro- 


should be bent over or A file ^" > n ° f j2' s h 0 uld then be cut so that it pro- 
be cut off completely. A wood* i M 1 ** ^ 

SiTtS-i' is ■ 

•Science Newsletter, Apr. 21. 
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the sides of the can. Using this method, the lid can be removed for 
deaning the nest in the fall. Another wire, passed I ;hrou g!' ^ 
about two-thirds of the way up the can in the back, ™ U ‘° 
the can Brmly to its support. The can should then be painted gr , 
after which it is ready for bird housekeeping. 



Fig. 9-G. Some homemade birdhouses, (a) A tin can; (b) a hollowed log. 
(c) a hollowed gourd. 

If tree swallows are wanted as occupants, the can should be placed on 
a post in an open area, where there are few trees or shrubs; otherwise 
wrens are likely to use it. Of course, other birds will use the can n« 
too, if the)' liappen to arrive first and are tough enough to defen 
their new home. 

The nests should be placed as early as possible because tree sW'allO' 
start looking for a home in early spring. If the birds find the nest an 
its surroundings to their liking, they are apt to return. . 

Wildlife in the Classroom. Many teachers have encouraged their 
students to bring all kinds of animals to the classroom for temporal 
observation, feeding, and first aid, if needed. Woodchucks, opossums, 
snakes, birds of various kinds can thus be studied at firsthand. Feedin^ 
habits can be noted and food chains traced, so that students become 
aware of each animals place in the web of life. , 

Getting acquainted with animals in the classroom is a first step towar 
an understanding of the reasons for wildlife conservation. It also presents 
an opportunity to build up attitudes that will lessen the wanton a** 
senseless killing of our wildlife, still so prevalent. A helpful pampn e • 
First Aid and Care of Small Animals, can be obtained from the Anima 
Welfare Institute, 350 Fifth Ave., New York 
Museum of Living Things. Students may be trained to keep cultures 
of microscopic living materials (Sec. 5*11) as well as larger plants, 
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invertebrates, and vertebrates, throughout die school year in the labo- 
ratory or class. In fact, a museum of living things may be maintained 
in a section of a laboratory or classroom. Student curators may work as 
a club with the responsibility for training freshman members each year. 
In this way a group of highly skilled students may continuously be 
available for service. 

An Indoor Field Trip. Classes may come to the museum on indoor 
field trips. Your students ma> want to prepare a mimeographed "guide.” 
Many ecological relationships among living things in different habitats 
may be maintained. For instance, in terrariums (Sec. 9-5), plants and 
animals may be placed in an arid environment. Cactus plants and 
homed toads might bo a start; for a swampy terrain use amphibia, 
some mosses, willows, red maple seedlings, marsh marigolds, and other 
acid-loving plants. Prepare a terrarium so that it represents a wooded 
area with ferns, mosses, seedlings, Indian pipe, spring flowers, Lj/co 
podium, amphibians such os newts, tiger salamanders, and differed 
frogs. Also prepare a fresh-water aquarium and a marine aquarium 

^Students are cooperative about bringing in living materials when the 
be taugbt in a museum or nun 0 ti g 

trails on the school grounds (Sec. 9-5). students to 

Wildlife Regulation. At some point you ^ ^ for 

consider the laws regulating wi ^ Fet ) cra l , aws dea]ing with 
li“ ! S -Wing also with hunting and fishing. 

regulation. If you succeed, you wi|| be im p 0rt a„t to many others 

have real and ,ast,n f '.f* tdiv duals all of us have responsibilily for 
in time to come, and that as 
their protection. 

9-7. Enemies of the Forest su of t | lc lrC e 

Insects and Disease. You^ s l» e thcJ . could begin to find 
insects in the community At the » ^ am , ttee diseases, 

examples Of .be close relatioruhlp rf a „d fungi arc 

They will want to discover, " .„ ow arc birds effective m 
beneficial to the forest. The study of a chain of ecologies re- 
forest insect control?" wall lead to the s ) ^ n , Jy gc[ direct 

lationships. If there 1ms beer i n » res W Brc md insect! . Are 
evidence of the relation tint emits bets 
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rll apt to follow forest insect nod disease epidemics? Are insects and 

slrjeot should 

“SXSZZ* welcome the challenge 
to destroy certain tree insects such as the tent cat rp ' I 

carefully, securing the cooperation of appropnatc ; organ. • m 

ing a program of publicity through papers “ for 

throughout the school. Certain problems could finally be 

consideration. Here are several: would be 

1. Given an insect with the following charactenst.es, «hat 
some measures of control you could use? 

a. The larvae have to crawl up the tree trunk. 

b. The eggs have to be laid on seasoned logs. . s 

c. The insect has to live on cambium of a weak tree or fres Y. 
for only a few weeks before it bores in to live in the sap 

heartwood. , onimals 

2. What instances can you cite in which insects, birds, ;n _ 

were introduced to control some other insect or animal an ^ 
troduccd species became as much of a menace as the one o 

trolled? _ just 

3. Why may great harm result from using a poison spray 
(Fig. 9-7) in a forest (Sec. 8-7)? 



THE FOREST AND UVINC TIUNCS 


197 


4, Why does the continuous harvesting of timber as it matures reduce 
insect and disease attack? 

Termites: Wood Destroyers. Old tree stumps, wet logs, and some- 
times, alack, old beams in a home provide shelter and food for colonies 

SUldents' should try to find a decaying tree stomp that contains such 
a colony. This might bo a time for study of symbiosis Students may 
report to the class on the role of the flagellated protozoa that Use m 
the intestine of termites and digest the svood that the termites ingest, 
cthe termites have no means of digesting to nW fte,— . 

St™ - 

water from time to time to the wood particles 

On a clean slide add a drop of hold the termite’s 

Place one termite on the sht . W - ^ w| , h Ollier forceps. Watch 
body to the slide as you pull ,| lc „' scera are removed with 

liow the intestine and other org the intestine 

the head. Discard the other parts tf slid P E „mi„e under 
in the water and mount this matenat f graceful flagellates, 
low and high power of ' term |,« become infected with 

Students may want to find i( ,| le flagellates were removed 

the flagellates, or what woo d PP eggs may be hatched 

from the termites. As a fc tenni.es will shove to 

under sterile conditions. 

death in sawdustl , y stu dy the social stmc- 

Students might also use a termite 

ture within this group. of teml ites may become a mapr 

To the homeowner, an ms purposes be protected 

calamity. How may wood used 

from termites (Sec. 9-11)- starl ? Have one of your evpene 

Forest Fires: How Do Tl y ^ Can forest fires start in 

Scouts build a fire with a of burning cigarettes, ^denng 

mple a manner? Students ^ ^ over a punky log, • »*"*• 

_ r.infimy of a steel came Unites disaster. 


simple a mannerr o j u , 

trash, the friction of a steel “MeJ 

lightning any of these can P^ stude „ts to an a-— 
Disaster: A Typical ke. pillions of acres burned b) lage 

Can they find out tlie n« them calculate w i P 

in our country in a typical 3*°* 
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infestation? What has happened to the ground cover and duff (Fig. 0 ) 




Fig. 9-8. A forest fire not only ruins timber but also destroys ground cO y 
and duff. The resulting erosion washes away the topsoil and exposes p are 
rock material. (U.S. Soil Conservation Service ) 

Other Results of Forest Fires. Make some wood ashes. Dampen them 
and test with litmus paper. The test should prove alkaline. . 

After a forest fire, not only is there possible damage to the soil, u 
rain washes lye from wood ashes into the streams, thus annihilating 
fish and fish foods. Fire destroys the natural leafy shade and permits 
the sun’s rays to raise the temperature of streams and ponds. This ki 
off many kinds of fish that cannot live in warm water. 
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A forest fire, the destruction of fish — the interrelations are there, 
even if they are not always obvious. 

Here Is How You Can Help. Esohe with }<«.r students common- 
sense procedures for behavior when in the woods. Topics they will 
want to consider are matches, smoking making and breaking camp, 
how to put out a campfire, brush burning, etc lou might have them 
discuss, too, what procedures to use should a fire get out of control. 

This might be the time to study the nature of burning (Sec. 0 , 

nnd the principles and practices to apply in putting out fires (Sec. 10 9). 

THE FOREST AND MAN 
9-8. Forest Management 

part to see svhat needs to be don • r ., mlc ,l with creosote 

branches or openings in the hart that snou u i 
to teep out svood-bnring m ’ e<:ls a u„,.d lot ssitli sour 

A Field Trip. Visit an ,nd» trial f» « or » “ ^ M i()c MaU . 

students. If possible “'four Here are some of the opportunities for 
careful preparation for the p- different aiies from seedlings 

observation and learning: finding rKW( i ,| 10 mselvcs naturally; 

to mature saw timber; noting > ^ root |,„ds, 0 f |„ g transporta- 

wotching demonstrations 0 P I j prolcclion and protection from 
tion; observing evidences of forest 1 

destructive grazing. . Fi „d pictures of good and 

FolIosv-XJpi some ^^differences shown. Find out how the 
bad forest cutting and list U" > taming) may he disposed of 
slash (branches and tree top* ^ a(|w | <lggto g operations Oise 
so as to reduce dangers of „ ncSt should he cut. 

several reasons why old trees jn n lll|ntlcri „ g ], as been decreased 

Report on ways m " . bo waste enable the operators 

How does the use of whutnug conservation measures. 

,o reforest, protect from &e, an d me ^ , Dr pulpuood. 

Find out the differences conservation difficult. 

What is there about each pro 11 tbonght-provoliitf 

Other classroom booldct. Forest Consent,, 

h e found in the H.S. horesr u 

in he Social Studies aud S"™" 1 ' vol , arr ready to l>epi” P 
A School Forestry 1^ t0 write to sour State Con 

your own forestry wor , . - „ Frrrun 

•rram Waul P. Beard. Te-imt Com — 

W.isliingtan. D.C., 19 
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of the city you might still want to share in a forestry project (Set 9 J, 
forests aid in watershed maintenance, in flood control, S 



Fig. 9-9. Students of Norman, Arkansas, High School have a laboratory sessio 
in forest management on their “school forty.” (17.S. Forest Service.) 


erosion. They should learn, too, of the value of thinning out forests, a 
well as the uses of lumber in our economy. Much valuable information 
is available in the USDA Yearbook Trees (1949). The USDA film, ^ 
Ricer, which can be rented from state film libraries, gives a picture 
economic factors associated with forests and flood controls. ^ ^ 

A School Wood Lot. Is there a wood lot on your school property . 
one nearby? Management of a small wood lot is an excellent school-fores 
project. You will probably need the help and guidance of a traine 
forester, who will explain to your students the fundamentals of 
management, resulting in the production of a continuous crop. Following 
his instructions, the ripe trees may be marked with chalk. The poor j 
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formed or damaged trees, and those species that are worthless as timber 
trees, may also be marked for cutting. The trees that should be en- 
couraged to grow may be banded or tagged. 

You may want to establish a tree nursery. This will involve the gather- 
ing of cones to obtain seed, the planting and care of the seedlings, and 
their final transplanting in the school forest or other areas in the com- 
munity where they are needed. 

Eventually this wood lot project might result in a demonstration 
stand to show “before and after” conditions. The students "•J' havc a 
living laboratory in which to observe what happens to wildhfe food 
and cover in the woods; what are the results of thinning as far ns low 
ground cover is concerned; and what part, in general, a forest plays 

” a sTvt“tat City! Cities need trees no, only for beauty and 
shade but aTso to relieve die vast and oppressive dazzle of concrete and 
asphalt during the summer. „„<] gaso line 

Plane bees, vuUrremarhabte ah, l^to smvneu^^ ^ ^ 

fumes, were planted along lhem W ere either dead or 

was tom down. Two years la er, > ^ , care t0 several 

dying. The BOy Scouts got busy, pp . S packing in vermiculite 
hundred trees, that cultivat- 

to retain rain water. The Park uep n on thres iIs 

ing the soil around the trunk. «f “ '£ Ucsalive. 

of water twice a week would d _ scrva tion P work to be done on city 
Wlro says there isn't “forestry consenauon 

streets? 

9-9. Forests in the Larger w wll( , re we jive in America, 

National Forests. We ore ° abou , ]61 milhon acres worth, 

part owners of our public f Students may Bnd out that these 

scattered from Puerto Bice (|[e pro duction of timber and pro- 

forests were established mainly P Discm s w ith your class Ilia 

teetion of our watersheds and A e important resources of our national 
wood and water are 1— fo<ld te 

forests, for they provide forage 

life, and recreation for all. about this heritage of oms and 

Your students may find out Forest Serv.cc booklet, 

the work of the fores, rangers m t 

Your Serefce (AlB13fi). ^ bas „ad the 

National Parks. Perhaps a ^ 


National Parks. * er r , -n reC ount - 
one of the National Parks •« or pictl „cs to show, 
explorations. Perhaps he lawsM® ° > )1C , lisl0 „ „f our park s>-s cm. 
Another student might report 
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!L ing ftom .he West mates to Alasbu. £» ^ ^ 

"“p^s^ sufficient staff and funds to meet the 

ne S„“Len,s know about --Mission 66, whose objc^an 

~ 4rt “ nl 

do your students believe this mission to be. „ n ,li,inrbed ? What 

Wilderness. Should our wilderness areas be left “"^” oration , 
value have they to wild creatures? To advenUirou ™en fo r c^toa 
for refreshment, or for scientific study? Has the wilderness greater 

^As^ace^Smes an increasingly rare ’^^evelfp^hem 

pressure to cut down on the wild places of the earth and ' 0 “ Suable 
For purposes of civilization, making commerca! use of d, t0 

natural resources. Is this wise? Is it necessary? Hwe « q stu( , en|s 
which there are no easy anstvers. Yet teachers as citizen 
as future ones will need to weigh in the balance values both g> 
and intangible and to make their voices heard. ce , e brated 

Forests: World Education. Arbor Day or Arbor \\ ee 
in many lands under many different names. It is called GreemnS I V 1 
in lapan. The New Year's Day o! Trees m Israel “The Tree e 
Week" in Korea, The National Festival of Tree Planting i 
In all these countries and many others, people are beginning b 
an understanding of tile importance of forests to their weUat . 
prosperity. Civilizations have, indeed, disappeared through »» o[ 
understanding. The threat of such disaster is by no means a B ^ 
the past; it may be seen in the spread of dust bowls and 


The Food and Agricultural Organization (FAO) of the Unite i ^ 
has held world forestry- congresses to focus attention on tlus P r0 . 
and to help with its solution. They believe that starting in the sc ^ 
(Fig. 9-10) is the most effective way of “inculcating an aware nes ^ 
the values of trees and woodlands, and for beeping these values p res 
even in the adult mind.” . . n 

Continuity of purpose and effort is vital to the success of this 
involving as it does school forests. It is not enough to put trees 
the ground. Unless the trees are cared for by providing light, '' a ^ 
space, and fertile soil and by guarding against damage, the b 111 
the planting are thrown away. Schools are well suited to care ^ 
tinuously for the young trees planted in the neighborhood, ^P 60 ' ' 
when forestry and maintenance of woodland become a regular tea 
of their activities. 
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ferent paint matures could be used. Test panels started one year can 
be observed by the class the next year and new test panels started. 

A t ccatheromcier for speeding up weathering effects can be con- 
structed. This consists of a rotating cylindrical container about 2 feet 
in diameter to v.hich the test panels can be attached. Water is sprayed 
on the panels at intervals, heat is applied by a heat lamp, and an ultra* 
violet light is used to give the effect of rays from the sun. Properly 
constructed, it will speed up weathering about six times. 

Using a Preservative. The USDA has developed a method to increase 
the life of fence posts. Your students can try this out but must take 
care with the chemicals, which are poisonous and can cause irritation 
to unprotected shin. 

The process consists in soaldng fence posts in two solutions, one of 
copper sulfate (12 ounces of the crystals to 1 gallon of water) and the 
other of sodium chromate (11 ounces of the powder to 1 gallon of 
water). The two chemicals combine in the wood and form copper 
chromate, which is deadly to fungi and insects, is practically insoluble 
in water, and will remain in wood even though the posts may be in 
damp sod. 




shouldLst § round 2 Years if untreated bat 

preiervatite in d* case. 
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Students might set out miniature posts and use ‘'controls" at the same 
time. Examine after some weeks and later after some months. 

Discuss with your students the protection of wood as a conservation 
measure (Fig. 9-12). 

Treating Wood with a Pesticide. Protecting wood used in construction 
from termites is an excellent conservation measure. A student might 
report on the new pesticides dieldrin and chlordane which, it is 
claimed, can free the homeowner of termite problems for more than 
10 years if applied once to the soil around the house under construction. 
These pesticides are supposedly not harmful to pfanf life. Why is tin's 
consideration important? 

Using Wood Substitutes. Have students collect and arrange displays 
of tlie new plastic materials which are being used in place of lumber. 
Of what are these plasties made? What is the “raw material" situation 
in regard to the making of these plastics? Do plastics made from wood 
save lumber? You might want to write for the free pamphlet, The ABC’s 
of Modem Plastics (Baklite Company, 30 East 42d St., New York) 
Can paper be made of substances other than wood? Your students 
might bring in a report on bagasse, the fibers left over from sugar cane 
after the sugar has been extracted, which are now being used for 
certain kinds of paper. Encourage your students to bring in news clip- 
pings with up-to-the-minute information on products developed as 
substitutes. 


9-12. Our Future Supply of Wood 
A Danger Signal 7 


warning: u.s. newsprint low: 

SUPPLIES CALLED AT DANCER POINT. 


Newsprint supplies have reached a “dangerously low point" and ex- 
perts don’t see “how the anticipated deficit after 19oS will be overcome, 
the government reported today. 

Despite the newsprint shortage, the report by the Commerce Depart- 
ment predicted United States newspapers will increase in circulation 
and sue o\ er the next decade. 

The report pmLcted that smaller daily and weekly newspapers par- 
ticularly “will be penalized by inadequate supply” of newsprint for at 
least the nest few years. 


A news clipping like the above can initiate a discussion of our forest 
resources — the tragic story of what we have done, the hopeful story 
of what we are doing in some places, and the story of what we must 
still do. How “dated" is the report? What is the present situation? Wh.it 
about the future? 


’ from a UP report from Washington, fan. 10, 1936. 
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Story of Lumber and Allied Products. You might write for the entire 
school packet, including additional items free to teachers. 

9-11. Making Our Supply Co Further 
Conservation Measures. If we can increase the life of the lumber we 
arc now using for all kinds of construction, rvc arc helping to solve 
part of the problem of lumber shortage, FireprooGng wood, protecting 
it from weathering, and guarding it from fungus attacks are some o 
the measures that can he employed. , ... 

Flamcproofing.” One of the objections to the use of wood for budding 
purposes is the tendency of wood to bum. There are several treatments 
for wood that greatly reduce the tendency to bum One treatment - 
volvcs a surface coating and the other an impregnabon of wood with 
firc-rctarding chemicals. 

Prepare several pine splinters about 4 inches long, r pare ^ 

of mono-ammonium phosphate, (NH,)H;P0 4l y 1SS ?^JL~ ° pj ace 
the salt in 100 cubic centimeters of water ££ 

some of the ammonium phosphate solution n . ove an d dry. 

two of the splinters and let untreated 

Compare the burning properties of the treate p 

""p.lnUng,' Uils project should h " * J b jEd 
school year so that the students can sec Uie eucc. t 
and their weathering before schoo l « <w i ^ lead, zinc white, 

Tlie white pigments used tn making P diScrent pri mo coats using 
lithopone, and titanium white. Make p nne D u t linseed oil, and one 
each pigment containing two “'Staining one pat. pig- 

part turpentine. Make up the foi 

ment and one part linseed oil. , -j Da i n t, botli prime coat 

Obtain several different samples of out aoep 
and finish coat, made by different raanu seasoned wood. (New 

Cut test panels % by 4 by 8 pigment, one par. 

wood requires a second coat co "' 3m f. g , , h P finish coat.) To each 

linseed oil, and one part tur P ent, " e f 3 days. Be sure to label die 
panel apply the prime coat and let i J finish coat and let it dry 
panels for identification purposes. Apply « ^ (hc Riding to weather, 
for 3 days. Place the test panels on th ishe s, sealers, and dif- 

Several similar projects of this kind using ^ 

^-d.ieieof 

Teachers* Summer Conference, 1934. 
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It your students become truly Absorbed In forests •*£ 

the U.s n F r servi. guards 

meet the challenge of shrinking timber; what the role of the man 
street is when it comes to our forests. v e ol>le 

Students might write for the U.S. Forest Service pamphleh ^ 

and Timber: A Reeiem of America’s Timber Resmrces Twh statue ^ 
from that publication are particularly significant. A , i 

acres, an area equivalent to 10 per cent of all our Nations . imberlands, 
need planting to become productive in a reasonable tun , o( 

real key to our future timber supply lies in the hands of the ^ 
every 10 American families’ who own our small forests— 
can be made more productive." These "1 out of 10 families send their 

children to our schools. „ , . w i, at 

Tree Farming: Industry’s Answer. Ask your students to find o 
the large paper and pulp industries are doing to ensure a wntmumg 
crop of trees. They might write for Tree Farming in the Pacific i 
west (Weyerhaeuser Timber Co., Tacoma, Wash.) or Growing fl P 
Tree Farms (Crown ZeUerbach Corp., San Francisco, Seattle, Fortian , 


Los Angeles, or New York). 

Notice that companies are beginning to realize that tree tarm & 
not only “enlightened self-interest” but good “public relations as \\ e • 
Your students might write to the American Forest Products Indus . 
1816 N St., N.W., Washington, D.C., for these booklets: Forest ta 
(for various states) and Our Growing "Wood Supply (containing a sun 
mary of all the information in the Forest Facts series; revised annua ) 
Understanding and Action: A Student’s Answer. Understanding e 
forests and our dependence on them, not only for products, but, more 
importantly, for healthy soil and healthy life on earth, is an educations 


must. . . 

Respect and love of the woods, coupled with the knowledge 
a stand of trees, whether forest or wood lot, is not a mine to be ex 
ploited and stripped but rather a crop to be nurtured and v/ise > 
managed, is a second important lesson. If our students have truly ma e 
these learnings their own, then responsible action should be the outcome. 



PART 3 

Conservation as a 
Study of Interrelationships 
between Matter and Energy 
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A Study of Matter 


Tfiis chapter is concerned with matter and some of the fundamental 
principles governing its behavior. One important chemical change, the 
nature of burning, has been selected because of its relationship to the 
securing of energy from fuels and also because burning, as fire, can 
destroy material resources— forests, fossil fuels, buildings. Activities in 
fire prevention and fire fighting are therefore included. 

A study in wood chemistry has been chosen to illustrate a way of 
dealing with one (only one) fundamental resource in a chemistry class. 

CHEMISTRY AND CONSERVATION 
JO-1. A Point of View 

Cl) cm is try, the study of matter, its properties and behavior, is basic 
to the study of conservation. After all, our material resources are “mat- 
ter.” We have only' to touch on matter to End that we are immediately 
encountering problems of resources — resources which are not laboratory 
curiosities but the very stuff upon which man’s existence depends. 

It is tempting to present this study of matter by emphasizing the 
magic tricks the chemist can play upon it. How much more vital, bow 
much closer to reality does chemistry become when it is firmly linked to 
our students’ lives and the problems they face as individuals and as 
members of the human family. 

If we teachers hold this point of view it may be that we can bring 
to our chemistry classes an added dimension of interest and meaning. 
AH of us are already teaching conservation without perhaps being 
conscious of it. We have only to go a step or two further— make the 
connections, bridge the gaps— and we will be doing an even better job. 

211 
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10-2. Principles That Govern Changes in Matter 
Law of Conservation of Matter. You ™gh. bring 
scoured iron nail and a very rusty one. The first is read) 

5C Yo"u might OTphadze that we have not changed the amount 
by allowing the nail to rust, but we have defimtely changed ^ ^ 
ness. There is only a certain amount of iron available 
One of his present problems is to maVe and beep this ,r ™ # 

Law of Definite Proportions. Chemistry teachers “^^ ^vdie 
metal (iron, copper, or zinc) along with powdered sulfur *° ’ * L rfo rm 
difference betsveen a mixture and a compound It is possible t perf^^ 
this experiment in a quantitative way and thus bnng home to t 
the meaning of the law of deBnite proportions. 

Using a balance that is accurate to die nearest decigram, weig ^ • 

ask a student to weight out, 5.6 grams of powdered iron ( iron by ) ^ 

gen” or electrolytic iron). Now add 3.3 grams (an excess) o 
sulfur to the iron and mix well. Place the mixture in a weighed har -g 
test tube, and clamp to a ring stand. Heat until a glow passes up 
tube, and continue heating until all the excess sulfur has burn • 
Cool the tube and weigh. You now have the weight of the tu e p 
the compound, ferrous sulfide. By subtracting from this 
weight of the tube and the original iron, you have obtained the " el o 
of the sulfur with which the iron combined. 

Repeat the experiment, using the same amount of iron but substitu n» 
3.4 or 3.5 grams of sulfur. (You might suggest that different stu en 
try out varying weights of sulfur with a fixed weight of iron and 
pool results.) The students leam that a given amount of iron will ta ’ 
on only a definite amount of sulfur no matter how much may^ 
available. This reaction is simple enough so that students can apprecia e 
and understand it both qualitatively and quantitatively. , 

Law of Conservation of Energy. The chemist is particularly interest 
in the conversion of internal chemical energy (potential) into o 
forms of energy. . 

Bum a wooden splint. Draw attention to the heat produced, and a 
to the visible products, ash and smoky gas. 

When we bum a fuel, are we interested in the visible products or 
the invisible energy liberated? (Ash and smoke are usually necessar) 
nuisances, and the less the better.) 

When a fuel is burned to produce heat it is serving a useful purpose 
for man. When, however, a forest or an oil well goes up in flames, ' 
are wasting energy in addition to destroying a valuable resource. 
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10-3. Atoms and Molecules 

Mailer Is Discontinuous. Toko a familiar substance like water and 
ask your students to tliink about it in terms of its stuff. Is it, for instance 
continuous or is it made up of discrete particles with spaces between? 
Dissolve some salt in it If it were continuous, where did the salt go? 

Or you might try this: Take exactly 1 quart of water and pour it into 
a 2-quart container. Now pour an exact quart of alcohol into the same 
container. The mixture will be somewhat less than 2 quarts because some 
of the particles of alcohol slipped into the spaces between the particles 
of water. 1 


This will lead to a discussion of the various theories about the nature 
of matter, beginning with the ancient Greeks. 

Dalton’s Atomic Theory. Atoms are indivisible particles. Atoms of one 
kind are alike in size and weight but differ in these respects from other 
kinds of atoms. Compounds ore formed by the linking of atoms with 
one another. These are the familiar postulates of Dalton’s atomic theory. 

Have your class look into a kaleidoscope. The design changes; the 
number of particles remains constant. We may rearrange atoms into 
new patterns by forming various compounds but we are not changing 
the sum total of elementary particles at our command. This is, in 
essence, Daltons picture of atoms. 

"What about atom smashing?” a student may well ask at this point. 
Discuss with your students the attack on the atom (the “ indivisible ”) 
and elicit from them that this work did not take place until long after 
Daltons time. Neptunium, plutonium, and the rest of the man-made 
elements were unknown resources just a few decades ago. Isotopes 
( atoms of the same clement differing in atomic weight), were also 
undiscovered in Dalton’s day and so we must now modify his state- 
ment that all atoms of the same kind have the same weight. 

You may want to emphasize Daltons enormous contribution to science 
even though his theory has needed modification. You can help your 
students realize that the fundamental laws governing the behavior of 
matter are not changing; it is rather man’s knowledge of these principles 


that keeps growing and deepening. 

Showing the Motion of Molecules. If you have a sealed tube con- 
taining mercury and some small blue glass beads ‘ heat the mercury 
gently. The molecules of mercury are set in such rap.d and violent 
motion that the beads (gigantic in comparison to the mercury atoms) 


hop about at a great rate. 

‘This molecular motion demonstrator ran be obtained from a supply house (Sec. 


18-3). 
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Or you might examine grains of pollen suspended in wnter under a 
microscope to see that all the particles are moving about rapidly 

’^Hyou^have a Brownian movement apparatus, 3 you may 
motion of cigarette sraolce molecules as they are bombarded by molecul 

° f Elements: Their Abundance. Almost every chemistry text has some- 



Fig. 10-1. Abundance of elements in the earth's crust, including the atmosphere. 


where in its early pages a table or “pie” showing the relative abundance 
of elements found in the earth’s crust, including the air and the sea 
(Fig. 10-1). There usually follows a class discussion emphasizing t a 
most of these elements are not found “free” in nature but combin 
with others. These are man’s resources. Are they boundless? Are tn ) 
exhaustible? 


’ A Brownian movement apparatus, which can be used on the stage of a rn ’ crt> ~ 
scope, can he obtained from a supply house (Sec. 18-5) 




A STt'DY OK \|*TTfJI 

f ,Iw *‘bun.l.uHe of elements it is interesting to Dote, 

mst.mce. tliat although alumumm and iron rank third and fourth 
rj r , rwt ; nt r « m,r " F" 1 ’^ the United States When we come 
to me tar less abundant t lenwnts. we run into some serious shortages in 
our country, (As a matter of fat t. the United States is self-sufficient in 
only two rnetflh, magnesium and mohbdenum ) 
latter in the course. .tv tnduidu.ij elements are studied, students 
might lie referred to the nimm try of Volume I of Resources for Freedom 
(Sec. JO-2/), Minerals Ytttrbook, 1033 (See. 19-0d), or to America’s 
XeetU and Resources (Sec I<J-2n ) 

Perhaps some of )our students would be interested in making a col- 
lection of ns many of the mtur.d elements (or their ores) as they can 
find. They might add notations on the abundance of these elements 
and Indicate the ones that are serious resource problems. 

Stales of Matter. You mjy want to use water as an illustration of 


matter hi Its three states. From the conservation point of view, you 
might stress iralrri role in each of its states. Draw from your students 
that as liquid, in the form of seas, lakes, streams, ponds, ground water, 
eta, It Is the prime essential of life on earth. As a vapor, it moves over 
the surface of the earth, finally returning to us in liquid form. As ice, 
it offers a protective covering to lakes and ponds, so that aquatic life 
may flourish even in the coldest weather. Because water expands ns it 


freezes, It is able to split lip rocks into whose fissures it has run. What 
ha* this weathering of rocks to do with soil making (See. 7-2)? 

A film /hat is particularly helpful when studying the states of matter 
is Molecular Theory of Matter (Encyclopaedia Britannlca Films). 


CIIOftCAL CHANGE 

10-1. The Nature of Burning: An Inductive Sequence* 1 
The relationships between burning and conservation arc many. Fuels 

coal, nil, gas— must he burned in order to supply us with the energy 

wc want. Often, wc hum them wasteful ly. (Incomplete combustion is 
n great waster of fuel as well as a smoke nuisance.) Forest fires, too, 
nrc n serious conservation problem. Your students will need to know 
something about the nnturc of burning to understand how to manage 
and protect our combustible resources. 


‘Tills sequence, iwWulwl at the HchUton Sch.x.1 in New York C>ty by Augustus 
JCJocL Is used in tbr iliemMi) - course in the following way: All students perform 
rarh of the experiment* individually. After an experiment is written up and re- 
viewed bv the teacher, there is a general class discussion in which results are cam- 
pared and conclusions drawn on the bast, of the pooled evidence. Only after the 
nature of burning Is revealed through the laboratory work do students refer to a 
text for further enrichment. 



MATTER ANO ENERGY 

210 

The following scries of experiments presents an “indnetive sequent* 
of laboratory experiences, by which students d.scover or confirm, step 

by step, the nature of burning: . . „ /n.r nre 

What Changes Are Produced When a Metal Hums in Air. (nclore 
starting this experiment students should be familiar «>t> a , 

burner and should have seen that a deposit of soot on a porce • > 
may be burned away in a nonluminous flame. ) . , 

1. Hold a piece of magnesium ribbon by means of a forceps m 
nonluminous flame until it catches fire. Note that it makes a in “JS 
light (which is the evidence of an exothermic reaction) and forms a % 

2. Repeat, using a piece of copper wire, holding it in the hottest 
part of the flame for about a minute. Note the black and brittle coa 
ing and the rose red one underneath. Could the black coating pos 
sibly be soot? 

3. Repeat with a piece of platinum wire. There is no change. 

The students leam that when metals bum, new substances with ne^ 
properties are formed. By definition, this means chemical change. | e y 
leam, in addition, that burning is not necessarily accompanied ) a 
flame and that not all metals bum in air. 

Is There a Change of Weight When a Substance Bums? 

1. Weigh a coil of no. 36 copper wire ( approximately 2 grams ) ac- 
curately on a hompan balance. Heat the coil intensely in a weig i 
porcelain crucible and cover (Fig. 10-2n). Lift the cover from time to 
time. After heating for about 18 minutes, reweigh the crucible, cover, 
and copper. The students note that there is a gain in weight. They m a > 
conclude that since the crucible and cover did not change, something 
from the air with which the metal was in contact is probably responsible. 

2. (Optional) Repeat the experiment using granulated tin. Stir from 
time to time with a heavy iron wire. 

What Substance from the Air Is Responsible for Burning? 

1. Decomposing the Product Formed by Burning a Metal (optional). 
If the black substance formed by burning copper decomposed com- 
pletely on being heated in a bunsen flame, we should be able to fan 
direct evidence as to the cause of the gain in weight of the copper m 
the last experiments; but it does not do so. Fortunately, however, the 
product of burning another metal ( mercury) in air (Lavoisier’s experi- 
ment) easily decomposes at a temperature slightly higher than that at 
which it forms. This product is a red powder. 

Heat about 1 gram of this red powder in a Pyrex test tube, collect 
the evolved gas in a test tube by water displacement, and identify it 
oxygen. Continued heating makes the red powder disappear and in its 
place are small droplets of a silvery liquid condensed on the cool upp er 
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portion of the test tube. Mercury! Always with each group of students 
there is the thrill of discover)’. 

Students are now ready for these and other questions: If the red 
powder was formed by burning mercury in air, with what did the 
mercury combine when it burned? From where did the mercury get this 
substance? If the copper and tin hehave in burning as mercury does, 




, r„\ Hratina a weights! copper toil in n 

ighcY^et P” COmI ’” C ” PP " ,!,nt " 

on burned in <*• lh „. were burned in air? 

lb wtat burned in 

l . What Happens V hen Copp preparation and properties of 

„e a. the end of anjj ***** (Fig. 1<W « 

..gen.) Pla« a copper cod m d rnan g an «c dioxide. Heat 

i-oWn misture-of potassiu: Icra.ea, ^ * 
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proof, if he has done part 3), that when a metal burns it combines with 

“Xt* Tppllvhcn Burnt Copper Is Heated in Pure Hydrogen? 

(Optional. Tliis might be done at the end of an experiment deahn 
svith the preparation and properUes of hydrogen.) Pass a slow stream o 
dry hydrogen over the copper oxide (Fig. 10-3). you are su e ti e 

h/drogen is pure (it should hum quietly, not explos.vely when a col 
lected test tube of the gas is tested), put the burner under the boat ant) 
heat intensely. The shiny metallic deposit plus the formation of water aacis 



Fig. 10-3. Reducing copper oxide with hydrogen. Do not put the burner under 
the boat until you are sure the hydrogen is pure. 


another link to the chain of evidence as to the nature of burning: e 
product of the burning of copper plus hydrogen yields water (hydrogen 
oxide ) plus copper. 

Now students may summarize the evidence, gradually accumulated m 
all these experiments, to prove what happens when a substance burns. 
Some students might go further to show step by step how a phlogis- 
tonist” would have explained the same series of experiments (g ain 0 
weight: property of “levity,” phlogiston weighing less than nothing; re- 
duction: calx (CuO) plus phlogiston (H 2 ) yields the original metal.)- 
Students will also become aware of the fact that the accumulating weight 
of evidence must finally sound the death knell for a mistaken theory. At 
the same time they will be gaining some understanding of why it 15 
that theories take so long to die. 

Draw attention to the fact that in the course of a few weeks students 
have shared in the great years of discovery of Priestley and Lavoisier- 
These men have “come alive” as the class relived their great moments m 
history. 
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When this long chain of experiments is started, seme of the students 
may liave no notion as to the nature of burning, others may come as 
"phlogistonists,- while stall others may brow the answer already without 
fully understanding it. At the end, however, aU will have had a living 
experience in one of the important methods of science. 

10-5. what Conditions Arc Needed for Burning? 

The prevention and control of forest fires arc two vital problems m 

^Understanding of tile nature of burning, factors that affect the rate 

of“taou, S a,id methods of preventing tate oddabon 

your students the newssary backhand in -- AlUhcseprincp ^ 

of to oeedless Bres ‘ ,Ul COn,i " UO d “ lro> ' 

(a wood splint, a piece of charcoal, a few dropsji_hcros 
noncombustibles (water, hon, a o m ' n )i ’ p t a match under a 

Fuels Must Be Raised to l-*-**"*"*? paper catches fire, for 
piece of paper, a log, a lump of ^nt ,c mp endures. This will lead to 
different substances comhust at ditoo ^ , tcmpcro turc at which 
a definition of kindling temperate rc-f he I low CSM P 
a given material catches fire an , . -j t |, cm %v ith a match. Com- 
Make some fine wood shavings and Ignite ^applying - match. Your 
pare this with the attempt tonal ^ may afferent kindling 
students should now see o( subdivision, 

temperatures, dependin 0 up flic | |M J 0 f die match is 

>^rr.XudSe now does the res, of to -* 

stick catch fire? « r. re c f paper, twigs, kindling, an 

Have your studcnK a Si. match stack can sc. fire 

loe. They are now ready to exp* 

to the entire mass. , Jiciited paper or a lightec cant 

Fires Need Air. F)a « ' * P Notice that the fire goes out 
under an inverted drinking g • c)nss „liy this happens, 

the substance is consumed. Ask ) 

10-G. Spontaneous Combustion demonstrating ! P° n ’ a ' 

Tltcrr are several wajs i done with 


neons wa.— — - 

the utmost care.) l*‘»P 
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a pinhead, in several cubic centimeters of carbon disulfide in a small 
vial. Keep tightly stoppered away from flame! Put a few drops o 
solution on a piece of filter paper resting on a tripod. In a minute or 
the paper will burst into flame. . , 

Or you may place a piece of white phosphorus the size of a pinhead 
on an asbestos pad. The white fumes indicate that oxidation is taking 
place. Cover the phosphorus with a little powdered bone black and soon 
the phosphorus will catch fire. . , 

Students are now ready to find out why spontaneous combustion take 
place, where it occurs, and what precautions are necessary to prevent it. 

A Strange Fire. A curious kind of spontaneous combustion occurred a 
few years ago in the Ohio Valley floods. The lower parts of haystacks 
were drenched with water; as the flood receded, some of the haystacks, 
to the puzzlement of the farmers, burst into flame. Can your stu en 
figure this out? The explanation lies in the fact that during respiration 
of living plant cells, food material slowly oxidizes and heat is given o 
(Sec. 3-13). This process is aided by the presence of water. The hay itse 1 
also slowly oxidized, giving off heat — and the cycle was well on i s 
vicious way. _ 

It has been estimated that at least 8 per cent of our total annua »r 
loss is the result of spontaneous combustion of all types. These fires are 
almost always preventable. 

10-7. Explosions 

Making a “Safe” One. Take a tin can with a lid (a baking powder can 
is excellent for the purpose). Punc- 
ture a hole in the top of the lid an 
another near the base of the can. 
Admit ordinary illuminating g® s 
through the bottom hole, until the 
can is well filled (Fig. 10-4). Allow 
time for filling and cautiously chec 
the odor of the gas coming from 
the hole in the lid. Ignite the gas at 
the top of the can. It bums with a 
tall, luminous flame. Now remove 
the gas inlet and turn off the gas- 
The flame becomes smaller and less 
luminous until it seems to disapp<# r 
— when all of a sudden — pop! 'y ye 
lid flies off with a bang. This is j* 
dramatic demonstration, filled wit 
respond. Why didn’t it explode rig * 



Fig. 10-4. A “safe” explosion, using a 
tin can with cover and illuminating 
gas. 

suspense, to which students always 
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away, if it was going to explode? Why did the flame become nonlurntnous* 
\Vhy did it seem to disappear just before the explosion? What made it 
explode? These are all questions leading into a discussion of the nature 
of explosions. (To use this experiment to illustrate what faeces place in 
an internal combustion engine, see Sec. 15-9.) 

Dangers of Explosive Mixtures. Understanding the nature of explosions 
from an explosive mixture,” students may consider some of the common 
resulting accidents. An entire hospital room has exploded as the spirit 
from a disconnected plug set fire to the mixture of air and the gas used 
as an anesthetic (ether, for example). Chemistry students might write 
and balance the equation for the burning of ether: 

(C 2 H s ) 2 0 + 60 2 -> 4C0 2 + 5H 2 0 

(Notice that the reaction produces gases that expand enormously from 
the heat produced by the reaction.) 

Discuss with your students the hazards of explosions in the home. 
Household accidents include the explosion of gas when mixed with air 
in an oven; gasoline, ether, some dry-cleaning fluids, turpentine, finger- 
nail polish remover, certain paiDts giving off heavy vapors that explode 
when mixed with air. Knowing these facts should make students more 
aware of the danger. A pilot light on a stove, a dying ember in the fire- 
place may set off the blaze that is liable to end in destruction and tragedy. 

Students should also be aware that, when working on a car, one may 
through carelessness set off a gas-air explosion, which may destroy both 
car and mechanic. 

A Homemade Dust Explosion. Use a “press-on” covered can. a funnel 
containing a teaspoonful of lycopodium powder (an easily flammable 
dust), a piece of rubber tubing, and a candle as shown in Fig. 
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Light the candle, press the cover on blow I^Tthe 

■■ - - • — 

- «* "■ *■ 

electric sparking device might take the place of the candle. 

Or you might try this technique: Dry some cornstarch ^ | 

for a few minutes over a candle flame. Then put ’/S teaspoon of the dry 
powder into a rolled paper tube (Fig. 1Mb). ™'***££Z 
the cornstarch powder into the candle flame and watch o( 

A Real-life Dust Explosion. In dust explosions, the large ^ 

surface of the substance exposed to the air is the cause o ™ ^ 
plosions. Dust of flour, starch, paper, or other easily buma ire 

may be floating around the air of a mill or factory. Althoug ' m 

would not ordinarily burn at low temperature, a spark rom < * . 

cigarette may set off a disaster. Dust from spices, cork hard rub , 
even dry milk has been reported as causing this kind of exp osi 


10-8. Fire Hazards in the Home 

Danger Spots and Safety Measures. Protecting our homes against fire 
is a conservation measure in every sense of the word. If one o ) 
students has a good-sized doll house, this might be set up e ° 
class, the danger spots marked, and remedies suggested. 

The remedies should include fire stops made of concrete or o P 
daily treated fire-resistant wood (Sec. 9-11); proper electrica ' 

the safe disposal of trash; the ready availability of fire extinguis er » 
emergency fire escape; chimneys and flues kept in repair; the pro ® 
of open fireplaces by screens and of stoves by metal or asbestos o 


10-9. Fundamentals of Fire Fighting 
How Are Fires Extinguished? The elimination of one of the three re 
quirements needed to create a fire (Sec. 10-5) will extinguish it. 

All methods of fire fighting have to make use of at least one o 
following: (1) Remove the combustible material; (2) shut off the SU PP_^ 
of oxygen; (3) cool the burning substance below the kindling temper 
ture. Have your students illustrate each of these principles in turn. _ 

1. Shut off the gas and a lighted burner will go out. Separate g 

embers, remove all burnable materials from the surroundings, an 
have taken the first steps in putting out a campfire. What are the 
steps? , , 

2. Your students will recall what happens when an inverted turn ^ 
is placed over a lighted candle (Sec. 10-5). Ignite a small fire in an u -0 
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pan and cover it with a loose-fitting hd. In both these cases the fire goes 
out for lack of oxygen 

3. Blow out a candle The cool moving air does the trick. 

Extinguish a small fire with dry sand Draw from your students that 
the substance is cooled below its kindling point and the sand blankets 
tlie fire, thus smothering it. (An ordinary blanket is often part of labora- 
tory equipment, in order to smother a fire quickly. ) 

Put out a small fire by pouring water on it. Can your students see that 
water, ton, has a double action? It cook the burnmg .material, and the 
steam produced tends to blanket the fire In general, dousing a moll 
fire with water is the simples, method of putting * on As a matterrf 
fact, water is usually the most important means of fighting many kinds 

0< u Wale f Ever furmfal for Putting Out a Fire? An Oil Fire. Using a 
largo porcelain or ironware dish, P« * 

tlie B ™ cs ' Use rare ’ 

‘TSSSL Tire, burn a JT ‘ ^ 

ceps. The brilliance and intensi y , 5 a test tube and heat 

Add a little water to some magnesium powder in a 
it gradually. Watch for bubbling. Test for y '°S OT - , and sprn> . 

Sake a wad of wlr striked burning mag- 

cautiously with water. V$e j h luroi ng is intensified, 
nesium, hydrogen is liberated . interes ting in connection svitb 

The above experiments arc ^ c[ia , t Valley. It was during the 1955 
the magnesium fire m the ^ vvUh explosive fury, causing ail- 

floods that a magnesium factoiy Flom llw Metal Selling Cur- 

ditional disaster in the town description of what hap- 

poration of Putnam, Connecticut, comes 

pened to their magnesium plant. ^ t ^ , [m . 

Most of the definitely *> 

ETtSiM-i on finally *«ar«d 

taSfcr hours out *5 — *-*>« * 

^eflcodwasprobablyno, 

responsible for that ^ ^ howawer that « ■ I ^ Brc 

vated temperature. inpffectual in putting oi b 

small amounts, not only is t*®*® 
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but will actually produce an “explosive" condition by liberating > 
gen. What application has this to the putting out of Gres from incendiary 
bombs, which are usually made of magnesium? 


10-10. Fire Extinguishers 

The Carbon Dioxide Extinguisher. Into a large test tube students may 
put a few grams of sodium bicarbonate. Then they may add a few cu ic 
centimeters of dilute hydrochloric acid and bubble the evolving gas 
through limewater in another test tube. The milkiness of the limewater 
identifies the carbon dioxide. , 

If a lighted splint is put in the carbon dioxide as it is generated, 
flame is immediately snuffed out. Another more striking way of i us 
trating the same point is to put some lighted candles on an incline 
trough (Fig. 10-6) and pour carbon dioxide down from the top of c 
trough. As the gas reaches each candle, the flame is extinguished. 



Fig. 10-6. A device to show how carbon dioxide puts out a flame. The g 35 ’ 
being heavier than air, pours down and puts out the flames. 

A Homemade Extinguisher. Students may make their own extinguish- 
ers in this way: Using a quart milk bottle, fit it with a rubber stopp er 
and a glass nozzle. Dissolve 2 tablespoons of sodium bicarbonate m 
glass of water and put the solution in the bottle. Suspend a small 
of dilute acid from the stopper. Cover the bottle with a wire mesh tor 
protection. Stopper the bottle and use wire or cord to tie the stopper to 
the bottle. When the bottle is inverted (this should be done over the 
sink), the contents of the bottle of acid will react with the bicarbonate 
and the evolving carbon dioxide will force a spray of water out through 
the nozzle. 

If a small fire is lighted in an iron pan in the sink, your students sb 
be able to smother the flame with their extinguishers. This is due to ® 
combined action of the water, which lowers the temperature of the e 
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below its kindling point, and the carbon dioxide, which blankets the fire 
by keeping out the oxygen. 

Add and Soda Type, Commercial Fire Extinguishers. Several commer- 
cial fire extinguishers work on the principle discussed above. The acid 
used is concentrated sulfuric. When the fire cxtinguisner is turned over, 
the acid and soda are mixed to produce a spray of water and carbon 
dioxide. Demonstrate tills to your class. 

Foam lie Type, Commercial Fire Extinguishers. Other fire extinguishers 
generate the gas by similar action but enclose it in a stiff foam. This type 
is particularly useful in putting out stubborn fires, such as oil conflagra- 
tions, which water cannot extinguish. 

Explicit directions on building a laboratory fire extinguisher of the 
Foamitc type are given in Fred T. Weisbruch, LcctmcDcmonstratlon 
Experiments In High School Chemistry (Educational Publishers, Inc., 

St 'uatild Carbon Dioxide Extinguisher. In order to understand the ■prin- 
ciple of a liquid carbon dioxide extinguisher, try some of the Mowing 

^Aslfyour students to wet their hands and allow then, to dry naturally. 
Do they notice the cooling effect? Why does one feel cooler m a 
bathing suit than in a dry one? „] ace a 

or ether in it. Blow some compressed air across it (Hg- I 



Drop of water 

£• 10-7. An experiment to show t^^£ eVap ° nU “ > "' 
iter freezes and cements tn g 


iter ireezes anu — 

, M bind Use Elat" and 0011 t0 S elher for “ fcW 
water, in freezing, should bind tile g 

aments. ■ It over a desk 


water, in treezmg, 

>ments. r iv,nid carbon dioxide, place it over a es' 

[f you can obtain a tank of tq d {he open ing with several heavy 
table and tilt it dowmvard Sur^. ^ , he valve . As soon as 
ith bags, one inside the O' 1 '™ , w L ri2 es and rushes out of the 

is is done, the liquid carbon diowd P ^ dto , d e cools 

ening. This sudden evaporation P 
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remainin g liquid to a white solid or “snow." (This is so cold that a 
tdge of the* snow mixed with ether will freeze mcreury sohd ) 

If g you cannot get a tank of liquid carbon dioxide, obla “ s0 ” $ 

ice " and show students how it sublimes, passing directly from the 

‘° *„ e ur S dass US is 5 now ready to study a liquid carbon dioridejre exdn- 
guisher. Wien the valve is opened, the escaping liquid c p • y 
fng carbon dioxide snow, thus showering the Ere with an ■ ~ 
blanket of nonflammable gas. Discuss with your students the ^ 

advantages, namely, that no liquid mess is left once the fi t> ^ 
because the solid carbon dioxide sublimes. Furthermor , ^ 

dioxide is able to penetrate obstructions without damaging q p 
thus making it one of the most rapid and efficient of fire-fighting 

The Carbon Tetrachloride Extinguisher. Pour 1 milliliter of 
or benzine into a Pyrcx crystallizing dish. Ignite the liquid wit 1 a 
Wien the liquid is burning, pour a test tube of water into the i • 
that the water has no effect on the flame. Now pour a test tu >e o 
tetrachloride into the dish. The flame is immediately extingu • 
caution: Vapors of carbon tetrachloride are highly toxic. Be su 
have proper ventilation. . « : c h 

The Pyrene fire extinguisher is mainly carbon tetrachloride, 
cools and smothers burning fuels unaffected by water. Demons a 
the class the method of operating this extinguisher. 


THE CHEMISTRY OF WOOD 
10-11. Some Physical Properties 
Cellular Structure. Wood of all kinds has a cellular structure 
10-8) arranged in elongated tubes or cells, some of which serve tc^^ 
duct water from the roots to the leaves, some to store away *2 
foods, and some to build up a tough body structure. 

Drive a nail or screw into a piece of wood. This is possible beca ^ 
the vacant cell cavities allow the cell wall to expand so that the 
screw can easily be forced into the wood. Discuss with students ho '' . 
makes it possible for pieces of wood to be fastened together wi 
difficulty, affording a variety of possibilities in construction. _ 

Have any of your students done wood carvings? What makes it 
sible to whittle wood with a penknife? Wood is easily worked because 
much of the volume of the wood is composed of cell cavities. 

Students might weigh a dry piece of wood, then soak it in water a 
weigh it again. Elicit from students that wood is light when dry beca 
the empty cell spaces are filled with air, not with water. 
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As a person holds a stick of wood m a fire, lie may note that heat is 
not conducted rapidly from the heated end to his hand. The cell pores 
of the wood, acting as dead-air spaces, make lumber a good insulator of 
heat and sound. 



Fig. 10-8. Cross section of a wood fiber. 


Students may get sables 

ability to resist denting, scratc g, ftwooc j ) ies in the degree 

that the difference between h ” 1 Have students find out about 

of compactness, or closeness, ^ har d,voods and softwoods. 

or a paper napkin. Have student note the 

notice how the woody fibers separate, 

PU Density. Most wood is light ^“''for teMW. 

tion in the densities of with a density, of 1.M 

grams per cubic centimet , , t j, at it sinks in water, 

grams £er cubic centimeters » » and by careful mens- 

Students may weigh rectanOT lcu l ate their volume, Dmd 

urement of length, wfdffr, **> ‘ ^ in cub ic centimeters tv, II give 

i„g the weight in grams by the vo 

the density of the wood. ra j s e questions about t >e u ) ■ 

Flotation. The floatmg of weed ™ he , veig ht of a floating block ot 

zzsr - — *■ 

To perform this experiment. 
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Fig. 10-9. Device to show the buoyant effect of water. Compare the weight 
WO( xl in air with the weight of the water displaced. 

water runs out at the spout. When the weighed catch bucket b placed 
under the spout and the block of wood carefully lowered into . 

flow can, the water that is displaces 
will run into the bucket and may 
weighed. Students may then compare 
the weight of the wood in air 1 
the weight of the water displaced. 

Specific Gravity. One of die im- 
portant characteristics of a substance 
is its specific gravity, its re a * 
weight as compared to the weigh o 
an equal bulk of water. 

Practical use is made of the ac 
that the specific gravity of almost a 
lands of wood is less than 1. ^ 
ever possible, logs are transport 
from forest to lumber mill by floating 
them on bodies of water. What eileev 

has this practice on transportabo 

costs? . . a 

Here is a method of determining 
the specific gravity of solids lig 
than water. This makes a goo s 
Fig. 10-10. Determining the spe- dent experiment in physics, 
cific gravity of a solid lighter than Weigh a sample of wood in ^ 
" atCr ' ( a ) . Then weigh a sinker under 

and add this to the weight of the wood in air ( £>). Now, as in Fig. 1 ’ 

weigh both the sinker and the block of wood submerged in water \ /' 
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To calculate the lifting or buoyant effect of the water on the piece of 
wood, subtract (c) from (b). This will be equal to the weight of the 
water displaced by the fully submerged wood (d). If the weight of he 
wood in air (a) is divided by the weight of the water displaced by the 
completely submerged wood (d), the specific gravity of the wood can 

be if b re^te (rectangular or cubic) blocks of wood are available, then 
your students might use this simple procedure: Float the of wood 

in water. Measure the length under water (o) and t^ wMe 'eng* 
above and below water (b). The specific gravi* may bejbtained by 
dividing („) by (b). Can students figure out why this is so? To deter 
mine the IpLfic gravity of a substance heavier than water, see Sec. 13-5. 

10-12. Destructive Distillation of Wood 
Students might do these esperiments individually or as class demon- 

strations. r c „b e of wood in a cru- 

Charconli The Primitive W ay. M) Hm[ u „ ti | n0 more fumes 

cible with sand so that the crucib paragraph) are given 

(the nature of which will be rcveaW L" ( L “ „d let it bum and note 
off. If a flame breaks out on the sur Id nlify it . (physically: black, 
its color. Cool and ctamine the product J ra bottle 

crumbly; makes a black mM ™ P P mill ,. on shaking.) 
containing limewater. Mode Jway. Heat 15 cubic centl- 

Charcoal Plus Byproducts. (est tu b e (preferably one that 

meters of sawdust in a thick*' i^ ia ble deposit of liquid in B (Fig. 

has been used) until there * ‘ P f h s y S t e m and then collect and 
10-11). Allow the air to bubble out or tn y 
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; st the gas in test tube C. Note the blue 

burns. Test the brown, viscous liquid in B with litmus p.p • 1 

to be acid. The residue left in A is black. tpxtsl 

The student is now ready to study references (ound.nchcm ihtty 

on the commercial process of destructive d,s dlat.on o : wood, V 
products formed, and their uses. Neat, he w.11 be ready > o d f ne “^™ d 
live distillation. He will be able to differenbate between th.s process 
that of fractional distillation (Sec. 8-16). le 

At this point, there might be a discussion of how pnnut WS p 
prepare charcoal as compared with the modern lndus 1 principle 
which the valuable by-products are saved. The conservation p P 
implied is clear. 

10-13. Wood: Of What Is It Made? 

Although cellulose is the main constituent of wood lignm is the c 

“impurity” that must be removed to obtain pure cellulose. P 

cedures described here and in Sec. 10-15, Wood Ertractwes, were sen^ 
to us from the Forest Products Laboratory at Madison, Wisconsin, 
experiments are not to be found in high school chemistry man • ^ 
textbooks and should provide a stimulating project for your 
chemistry students. ... ipnt of 

Lignin. Isolation of Lignin. Lignin is a noncarbohydrate constituent 
wood and is not hydrolized by acids. (Your students should learn wi 
organic hydrolysis is by referring to a chemistry text.) Lignin is e 
a residue when finely divided wood is treated with 70 to 
sulfuric acid for 2 to 3 hours, followed by adding water and heating 
a boil for 3 to 4 hours. 

Wood is ground and sifted through a fine-meshed window screen, 
sawdust from a fine-toothed saw is sifted. This fine wood dust is a ow 
to dry in the air for at least 24 hours. . ,qq 

Sulfuric acid solution for the hydrolysis is prepared by pouring ^ 
milliliters of concentrated chemically pure sulfuric acid (98 per cent) 

60 milliliters of water, using care not to allow the acid to spatter or ^ 
mixture to boil due to the heat of reaction. This acid solution is coo e 


room temperature or below before use. i 

Then 2 grams of the air-dried wood dust described above are P ^ CC _ c 
in a 100 milliliter Fyrex beaker and 25 milliliters of the cooled su 
acid solution measured out in a graduate. To the wood dust are 
added 10 milliliters of the add and the mixture stirred with a short $ i 
ring rod until it becomes thick. The remainder of the acid is then ac ® • 
a small amount at a time with stirring. The mixture is stirred freque ) 
for 2 hours and then poured into 900 milliliters of water in a 2-liter ;IS 
(The experiment may be interrupted until a Later period at this stage. 
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The contents of the flask are boiled gently for 3 to 4 limns and then al- 
lowed to settle, after which the lignin is filtered off through a weighed 
filter paper. The filtrate is sased for experiments on sugars (See 10-15). 
Tlie precipitate is washed with hot water until the filtrate is free from 

skin lotions, road binders, bacter uses— a 'dispersing 

the USDA Yearbook Trees (194 ) ° " la(eS of stor age batteries, and 
agent for Portland cement m the n ^ S P ]f a lignin plastic were made 
for the production of v-amilm and tannins. » 5 V d an d las _ 

practicable, it might drastically alter the entire future 

tic industries. . :R ran cc. from a conservation point 

Your students might discuss ^ gra a<M ; tion l0 utilizing a volu- 
of view, of adding a new fiber to Conservation, far 

& *— * cWi " s frontier ror ,housh ' 

”"cdS;. isolation of 

action of chlorine dioxide nndsdiumH ! soluble products. This action 

Lignin is readily "’Wired and “^^Ihdose from wood, 
is The basis of one method for .so Wm „, ood dl , st are placed 

As described in the isolation of hgn j JP „ dtIl ]0 0 milliliters of 
in a 250-milliliter remove estraedves. The methanol is dc- 

methyl alcohol overnight to remo over the wood dus . 

canted off and US mtlltm- ont f 
Tlien 1 gram of sodium f , acia l acetic add are added. The 

the chlorite dissohes; then 10 tops S ^ and minted gently a 
mixture is heated on a the Bgnin.) After 11 hour. IK g 

intervals (This oxidizes and msso aM , lic acid m added. It alter 

chlorite and 10 droF ^ er and rinsed with warn water. 

weight of die ce of ltoo d. eomoosed 


of die better plasms, 
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Fig. 10-12. Uses of treated cellulose. 


one of our most important construction materials. Are there any sources 
of cellulose besides wood? j 

Minerals. Students may weigh a wooden block, bum it completely, ^ 
weigh the ash. In addition to lignin and cellulose, wood contains 
percentage of minerals (usually about 1 part in 100 by weight), 
minerals are found in the ashes remaining when the wood is bu ? 
How did the tree build up cellulose? From where did the minerals 
Here is an opportunity to point up, once again, what are the ras' 
terials" needed for healthy plant growth. 

10-14. From Wood to Paper 

A Project in Paper Making. Here is a simple technique, which at th^ 
same time is historically interesting. Nearly every town has a greenno 
which contains some growing papyrus. Students may peel off the oU s 
layers and cut the pith into very thin strips. These should be dampen^ 
and laid crisscross under a heavy weight. In the morning, when 
weight is lifted, the papyrus will be matted into a primitive kind oi p a P^ 
Here is a rather ambitious project suggested by the American Cjan 
mid Company: ^ 

A convenient weight of paper for demonstration purposes is *®° u 
to 5 grams per 100 square inches. If no slush pulp is available, )'° u 
prepare your own by deGbering non-wet-strengtb facial tissue or nap 
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or toilet tissue. A Waring blender or Hamilton-Beaeh milkshake stirrer 
is preferred for defibering. Lacking these, an electric or hand egg beater 
may be used to defiber the pulp. First soak the 4 to 5 grams of paper m 
water, then dilute it to about 500 milliliters and stir until all fibers are 
separated. If hand or electric egg beaters are used, the)' must be stopped 
frequently to dean ofT pieces of paper, which will tend to wrap around 
the blades. With an electric egg beater, the preferred ' 

pour the water into the tnhtng bowl and add the paper a little at a time 

while the beater is running mirWr 

After the pulp is prepared, the sheets can be fa re d 0 ° » 
funnel. The preferred procedure is to cut a disk of 
wire (60 to 100 mesh) that will ,ust fit inside the 
the funnel on a suetion flask and apply • vacuum Hold a ^ 
the surface of the BUchner funnel with *•»**£ ^^tld. As soon 
pour the stock slurry into the scree O remo ve the left 

as the vacuum is built up enoug ^ jnt() , ll( . Budiner fun- 

haml and pour the ramamder ^ been drained frem the 

nel Maintain vacuum until all the t Buchner funnel over 

sheet. Then disconnect the vatm™ and paper from the Buell- 

n dry blotter. Blow the screen with its sheet ‘ P ^ (he , m 0 f the 
ner funnel onto the dry blotter an P' heet w i,( c li will adhere to 
hand. Then strip the screen from the ^ jllwt anJ press the 

the blotter. Place another blof l « m P (|)e pa , m and heel of the 
sandwich, at flrst gently and ^ wi ,hout wrinkles by trans- 

liand. Tlie paper may be dried con y ^ ^ a ])0 , dectr i c iron, 

ferring it to another ^ “ “ ^ prepared by soldering fine wire 

Novel water-marked sheets ma) be P 1 bc shapcd t0 form any 
(24 gage or smaller) to the ^ tWs B ne wire soldered 

desired design. A sheet w 

to it will give a clear water m P f ation with a wide variety 

The s.olk may be i trealed ol die propel rf "* ^ 

of chemicals to produce 

ished paper. jJ e( j to the stock (about 3 per ^ 

Wet-strength resins may ' be small amount of an aadora " d f 

fiber weiebt). When they are used, In general a pH ot 

svld^h^ar^reqidrad'forjl^ng provide^die 

strength is not developed untd alter 


with the hot iron. 
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Sizta" of paper can be accomplished by adding about 3 per cent of 
resiiTsize (bled on dry fiber) to the fiber followed by . P« 

Here again the sizing is not developed unttl after the sheet is dned. 

10-15. Wood Extractives 

In addition to lignin and cellulosic materials, wood «mtains 
Some of these are water-soluble, while others dissolve in organic 

' e Water-soluble Extractives. Many types of wood such as oak, 
and sumac contain tannin materials. The tannins are et en mor 
dant in tlie bark of the trees. Place some oak or chestnut w 
sawdust in water and allow it to stand overnight or until the ne. 
period. The water will have become brown. The addition of a Jew P 
of ferric chloride to the solution causes it to turn black, indicating 

presence of tannin. «,n/hice 

Oils in Wood. Almost all pines and other cone-bearing trees p 
oily substances. Turpentine, which is found principally in southern p » 
is the most important commercial product. traction 

The extraction is carried out most readily in some type of ^ 
apparatus such as the Soxhlet extractor* or other extraction tube w 
a small amount of hot solvent may be used to extract resinous an 0 , 
materials. or 

The wood most suitable for this experiment is southern yellow pm 
western ponder osa pine stump wood of the type used for solvent ert&C' 
tion of oleoTesins. This wood contains up to 30 per cent extractives, 
pine woods contain 3 to 6 per cent extractives. 

Put pine wood (ground, shredded, or sawdust) into an extraction 
thimble, and place it in a Soxhlet or other extraction tube. Attach a 
denser with cooling water to the extraction tube so as to proride re 
of the solvent over the wood. Place a mixture of 1 part methyl aCf \° 
and 1 part benzol in a flask and attach to the bottom of the extra r - 
Heat the flask by an electric hot plate or steam bath so that it boils gen ) j 
(Avoid the use of a free flame because the vapor of alcohol and 
is very flammable.) Extract for 4 to 6 hours. Remove the flask and 
off the solvent at low heat on an electric plate or steam bath. The resi 
in the flask is the oily material or oleoresins of the wood. t 

Sugars from Wood. When v. ood is treated with strong sulfuric aci 
room temperature or with dilute arid at elevated temperature and un 
pressure, the cellulose and hemicellulose of wood are hydrolyzed to sim 
pie sugars. 

The filtrate from the isolation of lignin from wood (Sec. 10-13) 0011 

‘The Soxhlet extractor, extraction tube, and paper extraction thimbles *** 
found in roost laboratory supply catalogues {Sec. 1S-3). 
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tains sugars. Carefully neutralize this solution with i 10 per cent aqueous 
sodium hydroxide solution, using litmus paper to detaimne *= . 

point. The presenee of sugar in this solution may be determined by the 

" f SK «W»tans pentosan, which on hydrolysis 
„ertcd pentoses (five-carta sug.ars). Tliese pentoses are read- 
ily converted to furfural by heat in the presenee of acid 

Place 5 grams of sawdust from .hardwo od <J^oak«rmapJ ^ 
100-milliliter flask; add to tins 10 m.lbl.te ^ ^ water)< Heat 

(1 part of concentrated ““piece of Biter paper, winch has 

the mixture gently over a flame. P 0 0 £ glacial acetic 

been dipped in a solution of 1 part » arn^ ^ - P ^ ^ ffl[er papcr 
acid, over the mootl. of the test using ground corncob 

indicates the presence of furfural. « p 

or wheat bran. is an important raw material 

Furfural, as your students may 

in the commercial manufacture of I P ^ [o dis|;uss 'substitution 
Tliis might be a time when ? usc Is ], e , tcr use being made ot 

products and their role “ f lumber , it is converted to a 

wood when, instead of being me ^ uk< . tIlil , but your stu- 

plastic? There arc no easy i®»J* J e many factors involved, 
dents may gain awareness of some o 
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Water and Weather 


Water is essential to all living things; without it they perish. Water 
is not, however, always in the right place, in the right amount, at t ie 
right time. , 

To begin to find a solution to the problem of adequate water supp‘; 
— a problem of increasing urgency to many if not all communities-- 
students need an understanding of the water cycle with its never-ending 
pattern of precipitation and evaporation. They need to know something 
too of the curious properties of water, so intimately associated wit 
weather and climate and so closely linked to life on earth. 

This chapter helps students to analyze the water cycle through expe- 
rience. There are direct experiences also with water’s physical behavior 
and its effects on weather and climate. 


THE WATER CYCLE 

There are many concepts in the sciences that can be developed through 
experience to give students a perception of the cycle of evaporation ana 
precipitation — the water cycle. 

11-1. Evaporation 

Water Evaporates. Wet down a blackboard with a sponge. Have the 
students watch, then ask where the water has gone. 

How Fast? Wet two pieces of filler paper. Place one over a radiator 
or other source of heat. Place the other in a cool part of the room. Which 
dries faster? 

Wet two pieces of filter paper. Hang one so that wind will blow on it 
or place it in front of a fan. Hang the other so that as little wind as pos- 
230 
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sible will hit it. Which dries faster? Repeat under different conditions, 
i e., in a sunny place, a shady place, a damp place, a dry place, etc. 

Place equal amounts of water in a shallow dish and in a narrow tum- 
bler. From which vessel will the water evaporate faster? 

Take two flasks with equal amounts of water and attach one to a 
vacuum pump. What happens to the rate of evaporation? 

These or similar activities will demonstrate that heat, breeze, a wide 
surface, and decreased pressure above the liquid all serve to speed up 
evaporation. 

At this point, students may be interested in discovering what happens 
to the water that has evaporated In order to find out, they will need to 
know something about air and its behavior. 

11-2. Air Motion 

Warm Air Expands. What happens when air is warmed (Fig. 11-1)? 
Method c is particularly interesting for physics and chemistry students. 



r KitVihlps to escape. Now cool the flask 
Heat the flask and allow a few ^ Heat once more and 

and notice the colored '' at “ b T i ie discussion of all that has 

see the liquid level in the tube g 



happened leads to consideration ofjnr Tn 

S,sS:"i : S, , *» - 1 ■ <■ ■ *■*" 

11.2a ) A convection current is set up d there is a nmere 
t„« between any two parts oi a fluid (air, in this case). 
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Two ways to illustrate convection currents. 

Or you might demonstrate this: In a glass-fronted bos with 
chimneys or tin cans with cover and bottom removed (Fig. 11-6). P 
a lighted candle directly under one of Uicm. Convection currents 
CO down the cool chimney A and up the warm one B. This can be 
visible by applying some lighted touch paper 1 or cigarette sm0 ' e ‘ a 
From this demonstration experiment you may want to proc 
study of winds. Tins may be followed by a discussion of land an 
breezes, emphasizing the fact that winds represent a tendency to eq 
ize and distribute the heat received from the sun. . 

If you arc near the seashore, temperature readings of sea and san « 
various times of the day may be recorded and the direction of the re 
noted. * 

What Happens Wien Warm, Moist Air Is Chilled? Contact ivt ^ 
Surface r. llcat a dish of water gently. Hold over it a cold, dry' funne 
glass square and note how the moisture from the air condenses on 
cool surface. w „ r a 

(Your students may think of other illustrations: the sweating ^ 
glass of ice water on a warm, humid day; the droplets of moisture V5S1 
as they breathe out on a cold day.) 

* Filter pap« soaked in potassium nitrate solution and dried. 
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night? 11 haFPenS ' Vl ’ en " !,rnl ’ m “ !f air near ,hc 8 ro,laJ is <MW at 

Meeting of Warm and Cold Air Masses. Arrange a covered far con- 
taining a damp blotting paper so that it is inverted over a hoi water 
bottle containing worm water. Put another hot water bottle containing 
cold water on top of the jar. ( Coffee cans might be used instead ot hot 
water bottles.) After about an hour there should be a cloud of condensed 
vapor inside the jar near the cold bottle (Fig. 11 -3). Students may now 



Fig. 11*3. Wien Warm air meets cold air. Notice the condensed moisture in 
the upper part of the jar. 

see that a “warm front" near the lower part of the jar rose to meet the 
“cold front” above it. Droplets of moisture condensed where the humid, 
warm air met the cooler air. 

Cooling by Expansion. No doubt your students have noticed in pump- 
ing up a bicycle tire or a football that the tire or ball becomes hot as 
well as the barrel of the pump. Have they also noticed that if they press 
the needle valve to allow air to escape, the expanding air is quite cool? 

Allow a very small amount of smoke from a burning match (to serve 
as mtchi f or condensation) to enter a iiter flash. Add a few milliliters 
of alcohol to the flash, stopper it at once, and shale well As the alcohol 
vaporizes, the pressure inside the flask increases. Turn on a Jantem 
projector and hold the flask in its beam. Now remove the stopper. The 
gases, rushing out with a noise, are cooled by expansion and the flask 
becomes filled with a dense fog. 

Here is a variation that might be tried: Rinse a gallon jug with water, 
shake a little dust or smoke into the jug, and insert a onc-holed stopper 
with a glass tube. Connect this to a pressure pump. As air is pumped in, 
watch the inside of the jug. Continue until the stopper is forced out and 
note what happens in the jug as a result. 

You will find some interesting additional experiments on cooling by 
expansion (carbon dioxide snow and the effect of nuclei on condensation} 
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in Demotion Experiments in Pluj^ by R. M. Sutton (McGraw- 
Hill Book Company, Inc., New lork, 1J38). 


11-3. Rainlall . ~ 

Your students might discuss the effect of 
the West Coast, for instance, the cooling by expansi . . 

a- sU rises over tire Cascade Mountains causes rain and hence inch, 
fertile valleys along the coast. However, the heaUng in 
the air as it descends on the other side creates dry and desert b 

"y t geography, -the lay of the land,” in your own region nath 
your students and find out why it is that your section of tlmcounhy 
the kind of climate it has. Is anything being done in your vicin ty 

To? Link! Too Much. Have students find out about the variati onm 
rainfall in our command in the world. What is meant by humid, sen. 

^ You” studttlts will be interested to leam that, for ordinary- 
region should have an annual total of 18 or more inches proper y 
tributed throughout the year. The rainfall is therefore mtunatd) hnke { 
with productivity of the soil, and water must be provided by me, 
irrigation of some kind where the rainfall is insufficient. 

Can there be too much rainfall? Your class will have illustrations »n 
stories of devastating floods which were unleashed by unusual an ■ 
cessive rainfall. What can man do to decrease the danger of tloixls t 


' How Much Do Wc Have? It lias been estimated by the U.S. 

Survey that about 114 million billion gallons of water fall on O'‘ r n ' a 
Stales every year. Tile number doesn’t mean much, does it. Bl “ 1 
lot of water! It is, as your students have learned, very unevenly dis ri 
uted, but tlic average calculated amount is 30 inches per )' ear - 

What Becomes of It? What happens to all this precipitation. As s ' 
dents search for an answer they will become aware that much o d re 
turns to the air by evaporation and by the transpiration of plants. 
there is the portion that runs over the surface of the ground, eventua ) 
reaching the sea, as well as the amounts that remain stored on the su 
face in lalccs and reservoirs. Finally, there is the portion that soa ,n 
the soil and is absorbed into the underground reservoir or water ta c. ^ 
Tins might be the time to begin a discussion of the importance ^ 
water storage, both surface and underground, in meeting a common* y 
growing needs for water. H t of 

Many interesting statistics may be gleaned from a small, pamp >‘ c 
the U.S. Soil Conservation Service, Wafer Facts (PA-337). 



Fig. 1 1-4. Rain gauge. ( From Boy Scouts of America merit badge booklet, 
Weather.) 

More accurate measurements can be made by collecting rain from a 
larger area in a narrow' vessel ( Fig. 11-4). (Snowfall is measured both 
by actual average depth, as it lies upon the ground, and by the read- 
ing after being collected and melted in a rain gauge. The first can be 
roughly figured at about ten times the second ) 

If your class has a chance to examine a professional rain gauge, study 
its mechanism. It may be the hind that is connected to nn electrically 
operated recorder. (Each time C.OI inch of rain collects in the bucket 
inside, it tips and thus closes a circuit for an instant. ) 

If possible pay a visit to your local weather bureau with your class. 
This can make a fine excursion and a good learning experience, which 
may stimulate some of your students to set up their own weather stations 
and to become life-long weather observers. 
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. -v _r T>im” There are some interesting cai- 
The Meaning of One Inch of Barn. broaden their con- 

culations that your students nug , t ma e f t ascertain- 
ed of the meaning of “one inch of “ ntains 43,50) 

ing from an appropriate table that ° ; u over an acre 

square feet, it in be calculated that a ra.nfa l of an rnch over 
3 ground would mean a total of 6 072,640 cubic rnches of w-ater. £ ^ 
equivalent to 3,630 cubic feet. Students might go ^ 6i4 

weight of this amount of water (1 cubic , (1 Uon 0 f 

pounds). How- many gallons does this weight rep • ( S 
water weighs 8.315 pounds.) How many barrels? (4o gallons 

b If water is collected in cisterns in your rammurnty, sUidentsjnlfi ^ 
figure out how much water would be available for 
1-inch rainfall fell on 3,000 square feet of roof an d 

The S trilling Force of Splashing Raindrop. Take sever P 
punch holes in the bottom of each. Cover the ms.des w.th paper t ^ 
and then fill the tins with fine, dry soil. Just as amounts 

tins outdoors, placing them in spots where they have diffa 
of exposure to the rain. After the downpour is over, careMb o^ 
the surfaces of the soil in the tins. Do they have any marked diHeren 

(A raindrop has weight, of course; therefore ft normally picks upsp^ 
while falling, striking the ground with considerable force and = 

soil particles into suspension in the runoff. Your physics stu e , 
ing tliat kinetic energy is represented by mc : , will note t e e 
onlv of the size but particularly of the velocity of the falling rain 
The Size of Raindrops. Students may dust sheets of filter paper 
a water-soluble dye (like Tintex) and expose them to the rain for a 
seconds. On striking the paper, the drops cause spots which are re c° ' 
by the dye. (This method, 2 devised by J. Wfesner in German} m ^ 
lias been used with slight modifications by a number of European in' 
gators since that time.) „ s 

Students might allow raindrops to fall into a layer of loose » 

1 inch deep and with a smooth surface, contained in a shallow tin 
tacle about 4 inches in diameter. The container should be expos 
rain for about 4 seconds. The dough pellets that are produced shoo ^ 
allowed to remain in the flour until they are dr} 1 and hard. *Tb^) 
then be passed through screens for separation into size groups. T e ^ 
of the raindrops can also be determined by allowing drops of mcasur 

’ See Ranulropt and Eroiion, U S DA Circular S05, for this reference an< ^ 
other interesting material . tgo2 

* This method ms de\ ued liy \V. A. Bentley of the U -S. Weather Bureau in 
am! descrilwd in Weather Rccietc, October, 100-1. 
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size to fall into the same flour, making note of the size of the dough balls 
formed. 

One of your students might report on the "raindrop spectrometer ” an 
automatic device for recording the sizes of drops above 0.01 inch in 
diameter. 

Snow as a Crop. Your students may be interested in learning about 
the new science of snow surveying, by which snow scientists are able to 
estimate with amazing accuracy the water content of the mountain snow 
packs (Fig. 11-5). These surveys make possible the Soil Conservation 
Service’s Water Supply Forecast, each April 1, which helps farmers and 
industries of the West to save millions of dollars. 

If you live in a region of plentiful snowfall, your students might fry 
this experiment: Fill tliree equal-sized boxes with snow. Over one sprinkle 
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the rates of melting of the snow. ( ox Forest Service in 1956, 

Experiments like this, conducted by the U S. Forest bem 

indirate that in the snow fields well above the 

possible to speed up the snow's rate of melt m a drought year 

it back in a wet year. 

11-4. Humidity 

Detecting Moisture in the Air. Here is a rough method: Water vap 
changes the color of cobalt chloride-blue when dry. piA or gr > 
white when moist. Soak some blotting papm or ungUzed white pape^i 
a strong solution of cobaltous chtonde and then dry it in 
it turns blue. (The paper may be stored in a glass 1“ "f‘* “I 

that contains a drying agent like fused calcium chlon .) j f 

hang the paper up and watch it turn pink as moisture is ^sorted! ^ 
tlie air. One can time the speed with which the paper turn 
days that vary greatly in humidity. , t hat 

Students might use this same moisture-detecting device t . 

the moisture content of air in different parts of an area may ' a ty 
and that variations are related to differences in plant and am * 

(Clothespins or Scotch tape will be useful in holding the paper in p • 
Several different areas might be selected for making tests— -a awn, 
neath trees or shrubbery, a bare spot on the playground a hollo* » 
How long does it take for the paper to change color? What a 
variations in plant and animal life as the conditions of moisture c & 
What might happen to the living things in a humid, moist area a r 
tively dry condition were to set in? , 

Saturated Air. Put a little water in a test tube or bottle, and co ^ 
tightly. Notice that the water level remains constant, because t e ^ 
above it quickly becomes “saturated” with moisture for that par lCU ^ 
temperature. Equilibrium sets in, for no moisture can escape fro: ™ 
system. Next, place a little water in a thin-walled flask and cork it. 
it in the sun or in an oven until it becomes warm and then cool it. 
walls of the flask become dim because of drops of water that t e 
could no longer hold at the lower temperature. 

Dew Point. When your students first notice dew farming on the gr 
toward the end of the day, they might record the temperature. 

To find the dew point, they may place some water in a shiny w e ‘ 
container, add small pieces of ice gradually, and stir the mixture ge 
with a thermometer. Finally, water droplets form on the outside o 
can. This temperature should l>c recorded; it is the dew point. ^ 

Physics students can do a more careful and accurate determination 
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dew point. For lalmratory instnictions, consult N. Henry Black, AVre 
Laboratory Experiments in Practical Physics (The Macmillan Company. 
New ^ork, 1919, page 127), or a similar manual. 

Determination of dew point is of particular interest to farmers because 
frost in late spring or carl)' fall may injure or ruin certain crops. If the 
dew point is nWc 40°F, the temperature will seldom fall to freezing 
during the night. Further cooling is retarded, onec the dew point is 
readied, by the heat of vaporization set free when dew forms. 

Relative Humidity from Dew Point. Knowing the dew point, we may 
compute the relative humidity of the air, i c., the ratio between the den- 
sity of moisture actually in the air and the density of moisture that would 
be present if the air were completely saturated. Students will need to 
use a humidity table for this calculation. 


Table 11-1. Weight of Water Vapor in Saturated Air 


Temperature, 

*F 

Weight in grains* 
per cubic foot 

Temperature, 

•c 

Weight in grains 
per cubic meter 

-20' 

0.21 

-30* 

0 44 

0 

0.51 

-20* 

1.04 

+20 

1.30 

-10* 

2 28 

40 

Z.SG 

0 

4.67 

50 

4 09 

+10 

9 36 

00 

570 

20 

17.15 

70 

7.99 

30 

30.0S 

80 

10.93 

40 

50 07 


• One pound (Avoirdupois) Is wju.il Jo 7,000 grains. 


For example, if the temperature is 50°F and the dew point 40°F, then, 
using the humidity table, we find that a cubic foot of saturated air con- 
tains 4.09 grains of water at 50°F and 2.S6 grains at 40°F (Table 1M). 
Therefore, air is 2.86/4.09 or about 70 per cent saturated. 

You might want to point out an important application of dew point 
nnd relative humidity determinations. In certain forests of California, for 
instance, the dew point is watched closely and when the relative humid- 
ity is scry low, "no smoking" signs arc put up and sections of woodland 
may even be closed as precaution against forest fires. 

Relative Humidity by Instrument. If your laboratory has any humidity- 
measuring instruments, such as the hair hydrometer or the psychrometer, 
have your students learn to use them. 

Youngsters may make their own sling psychrometers by mounting two 
identical thermometers as in Fig. 11-6. The instrument may be swung 
bard for a few minutes by the strong string or rope, instead of using a 
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to or the wind. After reading tire te*— - J™* "£ £ 
—It a table ol relative humrdrtv, to beyond man 5 go 

11-S. Distillation: The Hydrologic 
Cycle 

Simple Condensation. Boil a ket- 
tie of water and as the hot steam 
comes out of the spout, condense it 
on a flat plate of glass. 

Distillation with a Condenser, 
setting up a distilling apparatus (Fig- 
11-Tfl), you may accomplish coolm 0 
in several ways, depending on yo 
equipment: . . 

1. Immerse the condenser flask m 
the sink with water. 

2. Allow water from the faucet 
run over a clamped condenser 

flask. , . „ 

3. Use a standard Liebig co - 
denser with faucet and sink. 

The liquid to be condensed may 
simply be colored water, or m< ’ r _ 
advanced chemistry students mi = a 
proceed as follows: 

Ask them to make up a sample of impure water in a Weaker > » 1 £ 

to 100 milliliters of water % gram of solid calcium su» ate * F <j 
concentrated ammonium hydroxide. Vi gram of powdered c . f 

enough meil.sl orange to give the liquid a decided color. Tins 1 j 

water contains all the types of chemical impurities present m , 

waters: the calcium sulfate. 1 wring partly soluble, represents the (ts ^ 
soKcis; the ammonia water supplies a ’'volatile'’ dissolved ga-s, X > e P^j 
dered clay corresponds to a suspended undissolccd solid; and the me . 
orange represents organic coloring matter. - o0> 

Students may ll en distill oil 30 cubic centimeters for the first fra c 1 ^ 
and 30 more for the second fraction. The third portion, or rcsi uc, 
mains in the distilling flask. (Sec. 

Your students will need to know at this point tests for a sulfate ( ^ 

7-11) and fur a Imlroxide ( Sec. 7-S). Tliey may test each of t ie 
distillates and the residue foT ammonium hydroxide and sulfate. • 
them to olwrrxt* each also for clearness or turbidity and for the prese 
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Fig. 1 1-C. A homemade sling psv- 
chrometer. (From Cornell Rural 
leaflet, col 45, no. 1.) 




MATTER AND ENERGY 


248 

performing for years, is really a splendid illustration of the hydrologic 
cycle. True, you are using a bunscn burner instead of heat from the sun, 
but the water is evaporating as it is warmed and condensing as it cools, 
just as it does in nature (Fig. 1 1 -72?). You may want to use this as an 
opportunity to review the basic facts about the water cycle. 

You may want to consider also what happens as rain water is inter- 
ceptcd by the earth. This will lead to a discussion of runoff and storage. 

Some Projects: Students might make a drawing of the water cycle 
and explain how it works. In addition, they might compare maps of 
farm, forest, and population areas with a rainfall map. Other students 
might be interested in collecting, comparing, and discussing experiences 
with and pictures of flood and drought areas. Discussion might include 
the water problem in each case and the probable causes. 

WEATHER 
1I-G. Air Pressure 

A Barometer. That air exerts pressure on all surfaces against which it 
rests is not self-evident to the student. 
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A Simple barometer such ns Torricelli made may be easily constructed. 
Use barometer tubing about 3 feet long. Seal and anneal one end. Fill 
the tube completely with mercury, using a medicine dropper for the Inst 
few drops. Holding your thumb over the end of the tube, turn the tube 
upside down in a dish of mercury, and attach the tube to a rinc stand 
(Fig. 11-8). b 

Why docs the mercury drop to a certain Ie\ cl? Measure that level with 
a yardstick. 11 hat is there in the tube above the mercury’ level? What 
holds the mercury up in the tube? 

You can mark the level of the mercury in the tube with a small rubber 
band or marking crayon. Watch the le\el as it varies from day to day 
and discuss the "rising" and "falling” barometer and its relationship to 
the weather. 

Students may demonstrate and give reports on the aneroid barometer, 
the altimeter, and the barograph. 

Correlation between Pressure and Weather Conditions. 4 Have stu- 
dents take the outdoor temperature each day for a week at the same 



Fig. 11-9. A study of weather conditions. Correlation br tween temperature 
and atmospheric pressure, (a) Thermogram, (b) barogram. 


time, also a reading of the barometer. (If no barometer is available, the 
pressure figure may be obtained from the daily newspaper or radio 
account.) Make two charts (perhaps large ones for bulletin hoard dis- 
play) plotting the days of the week against temperature on one graph 
and against pressure on the other. 

The charts shown in Fig. 11-9 were made by grade 8b students in Provi- 
dence, Ilhode Island. Fortunately the record was made during a week 
when weather phenomena over Providence afforded a striking example. 
A strong cyclone developed over the Gulf of Mexico and then moved over 
the Providence region, bringing unusually warm weather and low pres- 
‘This technique fa supplied by Dr. J. C. Jensen, Department of Natural ^sources. 
Oregon State College, Corvallis, Ore. 




;L The pupils were no! long in discovering the correlation. As they 
put it, “Why, ar f a!1 ° PP ° S “ e ; vtpn , ive correlation can be made if 

^ — ,he 

same period. 

11.7. Some Simple Weather Experiments 

Dr. Vincent Schaefer of cloud-seeding fan*. ^ in 
of the Munitalp Foundation, Inc., has described Society 3 Joy 

the 1955 issues 1 of VM (American d "' 

St, Boston 8, Mass.), experiments that an) teen-ag JSLtawUng of * e 
These experiments arc designed to further a prop -y t0 prepare 

changes {hat occur in the weather. He shows how * » P^“ P ^p. 
a tiny sample of the atmosphere in a cold box so tha 
S can be observed and physical and darted changes acPrallyF^ 
duced. These experiments are not only spectacular, b ) the 

questions about atmospheric reactions that combrne to produ 
phenomenon called weather. 

11-5. A Weather Station 

If your students arc interested in bulling instruments and^ettmg 
a weather station, have them write to the : American h'eteo ^ ^ 

cietv for the list of proiects entitled Workshop build- 

give them specific references to Weather ictse articles descnbin 
ing of every conceivable weather instrument. Weatherutise can also sup 
ply information about model weather station kits. 

11-9. Man Theorizes about the Weather 

T, Our Weather Changing? Many weathermen think cur weather rra^l 
is clanging and even dare to forecast ‘continued warm for a 
next hundred years. They have based this prediction on the I 
hinds of evidence: 

1. Annual weather temperatures have risen in various P laces - f xn 

2. There arc many cities which have suffered in recent summ 
damaging heat waves. 

3. There are longer growing periods on northern prairies. 

4. There is a northward march of fish, birds, and vegetation. ^ ^ 

5. There is a growing frequency of tropical-type hurricanes a on^ 

eastern coast line. . r *}, c ir 

Your students could begin making and recording observations 
own. They might consult older people and records on long-term o ^ 
tions. Your ablest students mirfit be interested in learning 
tlie simple moving average method in a variation study. Ilasc i 
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up this method in a book on statistics such as William A. Nciswanger, 
Elementary Statistical Methods (The Macmillan Company, New York’ 
1956), 

Prediction of a Coming Ice Age. Students might bring to class a 
report of the theory of ice ages, put forward by two scientists dis- 
tinguished in the fields of geology and meteorology, Drs. Maurice Ewing 
and William Dunn, These scientists believe that the warm up we are 
now experiencing will result in the melting of the ice sheet over the 
Arctic Ocean. This, in him, will mean an increase in snowfall in the 
north, causing glaciers to grow once more. The theory presupposes 
that the oceans work as a "thermostat” to keep the earth alternating 
between glacial ice ages and interglacial periods such as today. 

A simple account of this theory .and the evidence adduced to sup- 
port it may be found in the The Coming Ice Age, by Betty Friedan, in 
Harper’s Magazine, September, 1958. 

Tackling the Hurricane. Research scientists are beginning to learn 
enough about hurricanes, those 100,000-cubic-mile caldrons of air, water, 
and heat, so that better forecasting may be expected. Perhaps someday 
there may even be hurricane control. Your students might discuss what 
such control could mean in terms of conservation of life and property. 

The "heat engine” of the hurricane, as described by Robert H. Simp- 
son, head of the Weather Bureaus hurricane research, is illustrated in 
Fig. 11-10. Water vapor, condensing to steam in a ring around the eye. 



» ■ ii.g 

heats the air, which rises. Bkj n B “ atmosphere 

5i‘rz;t,nr^f t - — - •>■• - 

starts the spiral winds going at lower levels. 

11-10. Man Changes the Weather . .. n ? 

He Mahes Rain. Can we do anything ^^'“^iytrise when 

Can we “mate’ it rain? This is a quest.on that wall naturauy 

you are discussing rainfall. condensation nuclei 

y Since dust or other particles are necess *Y ice and silver 

(Sec. 11-2), scientists began using various substance , O * t0 
iodide among others, to seed clouds. Your studen ? d w here 

what these other agents are, how the cloud seeding .s the 
it has been tried. (An excellent pamphlet can $ (19 54), 

United Nations entitled Rflinmnkmg: A Study of Lxp 

How successful have experiments in cloud seeding been^ ^ 
State College at Corvallis has done some , , OTite for 

value of artificial rain making in that area. Students m g 

A member of your class might try to obtain a r ^“f ro i in 

mitted by President Eisenhowers Committee on Weathe 
February! 1936. Tills is the first scientific appraisal "'“tJble 
to be undertaken in our country. The report states th cent 

to increase rainfall by 9 to 17 per cent or more. The 9 to 1<P 
increase in precipitation was obtained in studies of cloud- dmg^P^ 
ations in Pacific Coast states, this area having been ™ os . 
cloud-seeding operations there are earned out on a rela 7,^ 
manent” basis, but this does not mean that ram-mcreas g p 
will be successful only in that area. A , pe ding, 

In reporting to the President, the committee found that c ^ 

by means of the commercial technique which involves re e Jjj u <#$ 
the atmosphere silver iodide smoke from ground generators p , 

results which are not spectacular or breathtaking, but which can 
important to the water economy of the nation.” an d 

Experiments also indicate it may be feasible to control hails o ‘ 
possibly “inhibit" lightning squalls and “modify” tornadoes, ^ 

level committee reported. The inhibiting of the lightning wo * 
down one of the principal causes of forest fires. Such deve 
hold tremendous economic possibilities, but all of this is in t e 
The committee urged that its research work be continued an 
other agencies devote much more scientific study to weather con ^ . 

Could indiscriminate cloud seeding, instead of promoting rain ’^, rtne n 
be the cause of drought? Such was a debate in which vvea 
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were engaged as they studied a report made to the National Academy of 
Sciences early in 1957 by Dr. floss Gunn of the U.S. Weather Bureau. 
Dr. Gunns findings seemed to indicate that the cleaner air is, the better 
arc the chances of rain from warm and supercooled clouds. 

One of your students might bring in a report describing Dr. Gunn’s 
experiments, and the class might follow the scientific "debate" in the 
current scientific press. How are such debates finally settled? 

Jt will become apparent to your students, as they gather evidence 
on artificial rain making, that it is still in the experimental stage. That 
is why the immediate benefits of water storage should not he overlooked. 
In Indiana, for example, it is estimate d that 23 incites of their 39-inch 
annual rainfall is lost to runoff. If 4 inches of the water lost could be 
stored on the surface or underground, there would be a sufficient 
quantity for any of the foreseeable needs of irrigation. 

11-11, New Tools for Studying Weather 

a machine forecasts weather* 

Washington, January 24, 1956. Scientists have proved that an elec- 
tronic brain can forecast certain aspects of weather as accurately os 
the weather man — and faster. This machine has for months been issuing 
regular predictions of winds and pressures at three altitudes over 
continental United States. 

Although the mathematical possibility of predicting weather by ma- 
chine has existed for many years, it was not until the post-World War II 
development of high-speed electronic calculators that experiments be- 
came practical. Now it is being done, and the achievement promises 
to revolutionize weather predictions. 

Have your students watch developments of the Joint Numerical 
Weather Prediction Unit, as it is called. Machine forecasting is a joint 
effort of Air Force, Navy, and Weather Bureau. 

A Homemade Electric Brain Machine. Several of your students may 
become fascinated with the idea of an electric brain machine. There 
exist several “do it yourself opportunities for them. 

“Geniac” is a low-cost kit and text combination. With this 400- 
component construction kit your students can create any of thirty-three 
brain machines including logic, arithmetical, and game-playing circuits. 
Each geniac comes as a self-contained course in computer design and 
the instructions are simple enough so that teen-agers can design factor- 
ing machines, puzzle-solving circuits, etc. Circuits operate on one flash- 
light battery, and use ingeniously designed parts. No soldering * s re- 
quired, and very little wiring. For further details write to Science IJts, 
Dept. SN-29, Oliver Garfield Company, 126 Lexington Ave., New York. 

* New York Herald Tribune. 
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\ our students may also obtain information and diagram for a “Do-it- 
yourself Computer” from the Research Laboratory of the Genera! Electric 
Company, Schenectady, N.Y. 

A Satellite to Study Weather. Your students will be interested in 
totlowmg the progress of each man-made satellite as it yields data 
' ! £' ' t iat add to man s knowledge of air density, temperature, 

pressure, meteorites, solar ultraviolet radiation, cosmic ray densities. 

and even aid in making geodetic determinations and studies of the earth’s 
crust. 

Some of your studenls will be curious lo know "how it works.” You 
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Pig, j j_j j Tlie 44 . 

ing less than 4 oun^ C ° ,IeCtS dala - Two of these instruments, weigh; 

radiation emitted from the’JSv m< J unt , ed in Vanguard II satellite to record 
casting. Left t Q right: retaining - C ou . d l a > er for long-range weather forc- 
hattery, an d a second snacer (p d f tec tor-mounting wafer, spacer, solar 

i • t rerkiti s- Elmer Corp., Norwalk, Conn.) 
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nught refer them to a genera] science or physics textbook. In You and 
Science by Paul F. Brandwein, L. G. Hoffingworth, A. D. Beck, and 
A. E. Burgess (Harcourt, Brace and Company, Inc., New York, 1935), 
the chapter. Space: Our New Frontier, describes some interesting ex- 
periments your students might try out and demonstrate. 


WATER AND CLIMATE 
11-12. Water; What It Is 

Bring to class a jar of water. What actually is water? How does it 
behave under varying conditions? Does its behavior affect our climate? 
These and other questions can be elicited from your students as you 
begin tlie discussion. 

Pulling Water Apart. In order to End out of what elements water is 
composed, suggest tearing it apart. Explain that this can be accomplished 



Fig. 11-12. Apparatus for breaking water into hydrogen and oxygen. 


by means of electricity. Before electrolyzing water, however, be sure 
your students are familiar with the gases oxygen and hydrogen and 
how they are identified by the glowing splint and “pop" tests. 

The simplest kind of homemade electrolysis apparatus can be used 
(Fig, 11-12). Explain that the water will need to be acidified with a little 
sulfuric acid to carry the current. As the gases are collected they 
can be identified by appropriate tests. At this point some student may 
ask, "Can water be made by uniting the two gases?" 

Making Water from Its Constituents. Collect a test tube each of 
hydrogen and oxygen by water displacement. Put them mouth-to-mouth 
for a minute so that they will diffuse. Now someone may cautiously 
bring a lighted taper to either tube. There should be a loud explosion 
accompanied by a cloud of steam as the hydrogen and oxygen combine 
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^faf.er°*e explosion would be conclusive ev, deuce.) 
u 13 Water: How It Behaves and How Its Behavior Affects donate 

^jtssitt'tzs&szp- 

2^.rs=s.^^s.iSa 

taert a *ennome.er in .he test tube. Observe the fre^g and record 
the freezing point of the water. Remove the test tube fro 
mixture and note the melting and wanning of the water as it s 

^ CanWater Soak Up Heat and Not Change Temperature? T^^ptog 
a thermometer in boiling water (dont let the tbeimome 
bottom of the vessel). Allow the water to bod more rapid) b)®« “ 
ing the heat under it. Your students may be surprised that there 
difference in the temperature reading. . 

Next, take a large bucket filled with ice cubes and water. Flace i 
over a fire and keep the mixture well stined and agitated. The lenl P 
a hire will read O' C. no matter how hot the fire, as loog as any ire reran 
unmelted. This will lead naturally to a more complete discussion o 
changes of state with their accompanying energy changes. 

Your students are now aware that heat needs to be added to ice 
order to melt it, or to hot water in order to boil it Point out that « ^ 
water freezes or steam condenses, this energy is released again as ^ 

Your physics students could make quantitative measurements o 
heat of melting ice and the heat of condensation of steam.* 

What effect would the freezing and thawing of lakes have on 
surrounding atmosphere? 

Specific Heat of Water. Take two test tubes, one containing san or 
dry, sandy soil and the other filled with water. Keep the weights equa - 
Heat them both in a beaker of water. Bring to a boil and keep 1C 
test tubes immersed for half an hour. Then place the test tubes on 
a cake of paraffin wax (Fig. U-13). The test tube of water should me 
the most wax and sink the deepest This indicates that water is able to 
soak up heat more readily tlian sand and that it has more heal to give lI P 
when it encounters a cooler environment 

* Set a manual such as N II. Black, Snc Labor dory Experiments in Trectrcci 
FJiyncJ, Hit Macmillan Company, New York, 1949, pp. 121, 124. 
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Fig. 11-13. Experiment showing the high specific heat of water as compared 
to that of sand, r 

Because of its high specific heat, wafer does not become as warm as 
land in summer nor as cold in winter. How does this tend to prevent 
extremes of temperature in nearby land areas? 

The waters of the earth, due to their vastnesj and high specific heat, 
act as a gigantic reservoir for storing excess warmth in summer and 
gradually releasing it in the cold winter weather. 

The Temperature of Water and Living Things. Do the kind and 
abundance of living things that inhabit the water vary with temperature? 
Students will know something about the differences in aquatic life in 
cold, temperate, and tropical waters. A member of your class might 
keep tropical fish as a hobby and could plan a demonstration and discus- 
sion with Iiis classmates 

The Varying Density of Water. Fill a tall glass cylinder nearly full 
of cracked ice and Jet it stand until some of the ice lias melted. Take 
the temperature of the water near the top, the middle, and the bottom 
of the jar. (A thermometer may be suspended by a string to reach the 
Lottom of the jar.) The temperature at the bottom should be higher 
than 0°C, for water’s maximum density is at 4° C, as you will recall. 

Students might think about this peculiar property of water — the fact 
that at the bottom of an ice-covered lake the temperature will be a 
few degrees above freezing. Might this have an effect on the living things 
in a lake in the cold of winter? 

Or you might try this experiment: Into a 500-milliliter round-bottomed 
flask fit a one-holed stopper into which has been inserted a •f-milhmeter 
glass tube about I foot long. Fill the flask to the top with distilled water 
tinted with a little red ink. When the stopper is carefully inserted, the 
excess water will rise in the tube. Try not to let air bubbles enter the 
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varies with temperature is this. milliliter, for instance). 

‘ KlKSSt Compare W 

'l^apply ^ principle «o what happens in te 

vanned surface waters at low latitudes, nsing a htUe tgher 
cold waters at high latitudes tend to ^ the 

(Prevailing winds, however, play an even more > ™P^ a ^ P how these 
formation of ocean currents.) Now you mav « Endings 

currents affect the climate of neighboring land masses. these 

of the International Geophysical Year thrown any new h D ht 

P "havior of ‘Solid Water.” In a tall jar of ice 
the ice stay? Almost all liquids in sohdtfymg become more do . 
this is not true of solid water or ice. Ash your students what tins stran n 
behavior of water means to life on earth. 

Since lakes freeze from the top and not from the bottom, J ain 

tective covering of ice allows the warmer water undoneat to^^ 

liquid, this is what preserves aquatic life during “ %V0U M 
You might have your students consider for a moment 
happen if ice did not float They would soon see that our 
freeze from the bottom up. Furthermore, since water is a poor (q 

of heat there would be little melting, and each winter would a ^ 
our store of frozen liquid until in cooler climates our vvater w ^ 

locked up in the solid state. Think of the poor fisb-but hola 
moment — think of us, too. The small amount of thawing in 
would not be sufficient to supply enough moisture to start . _ 

rainfall— no plant life. No plant life— no animal life. Man bee 
extinct! 
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What the air is, two of the great cycles in which air and life are In- 
volved, “mining” the air for its useful substances — these are topics 
selected for development in this chapter. 

Air, which seems limitless in quantity, is becoming so poor in quality 
over some of our industrialized areas that it menaces the well-being 
and sometimes even the lives of city dwellers For tins reason we have 
given special emphasis to air pollution and its control. 

THE AIR AROUND US 
12-1. Air: What Is It? 

Oxygen and Nitrogen. Place a very small mound of dry red phosphorus 
on a flat cork floating in a pan of water. Ignite tire phosphorus with a hot 
wire and quickly place a tumbler or beaker over it as it bums (Fig 
32-la). Your students will note that, when the burning stops, and the 
apparatus cools for a short time and the fumes dissolve, the water will 
have risen about one-fifth of the way up the tumbler. Students can 
deduce that tile oxygen in the air has been used up and that it must 
occupy about one-fifth of the total volume of air (see Sec. 10-4, The 
Nature of Burning 1 . 

Test the residual gas, impure nitrogen, in the tumbler with a lighted 
splint, and note that it does not support combustion. 

Volumetric Composition of Air (Quantitative). This experiment, for 
a chemistry class, might be done as a demonstration. Enclose about 
50 cubic centimeters of air in a 100-cubtc centimeter graduate half 
filled with water and inverted over water in a large battery jar. Hold 
the graduate so that the water level In it is the same as that in the 
battery jar outside (why?), and read accurately the volume of enclosed 
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air. Ash students to record the barometer reading and the r 
ature, mailing sure that the temperature of t he « e ^ 
jar i the same as tfiat of the room. SmdenU may Jhen 
observed volume to "standard conditions. (This ts a = ooo It' 

to use knowledge of the gas laws-) , inches ia 

Securely fasten a piece of v.hi.c ptapta ^ Vo .he end of a 
diameter (never to be touched with bare fin h ^ 

tt'ZgZ d^ enclosed air 
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making life possible on earth. Oxygen is needed by all living things for 
respiration (Sec. 3-13). Atmospheric nitrogen, inert gas that it is, not 
only dilutes the oxygen but also plays a vital part m the nitrogen cjc o 

(S The tore and Inert Gases. Fit a portable light socket with an argon 
bulb. Attach the socket to the 110 a-c outlet and show the gloss gtsen 

b> E a St S neon sign tubes and if possible sliosv the gloss- discharge 
from various other 5 snob demonstration tubes. These tubes, containing 



F!I . M Making Ceisslcr tubes g.osv by means nf a Tesla coil. 

helium, argon, neon, etc can be ^“"fj^i^pcrati^'e X- 
houses (See. 1S-3). It is best to use a Tes ^ cllInpt ,l 0 „ a ring stand. 

They may be arranged on a "<«de f bring the tip of the coll near 

Connect the Tesla co l to the a- * ^rfll gloss- brightly In a 

(but not touching) the tubes ( g- ^ vjdnUy „f tl«e tubes, 
darkened room as the coil is passix w1ul are their uses, ltase 

Wlnt are the other inert gases of the - -r .1- „ lm „snhcre. 


Ilarkenctl room as uh. t are — 

What are the other inert gases of the „ r ,l, c atmosphere- 

a student report on the discover;- * ™ J provide on a « J ■ 
Water Vapor. Tlace a fesv peltB "Ms* ^ ^ mMnc wm ,he 
glass. After about 15 -ninotes rtnd™ ^ 0r cxpino soine h.mps of 

b „i *W has formed on ^ hours- Students will nonet 


atmosphere that has formed on 
fused calcium chloride lo moist 
boss- sect they become 
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», .» times. »I»-V 1- “ ■!“ 

addition, our bodily comfort depends to a great extent o 

of moisture in the air. . , watch elass and 

Carbon Dioxide. Place a little l.mewater m a .la ge ^ 

allow the solution to remain on the lecture table until 

period, or longer if necessary. Careful observa ion avdl show h^ t 

mation of a white precipitate on the surface of the liquid, d 
action of the carbon dioxide in the air on the limewater. de B 

Quantitative Determination of Water Vapor and Car flrst 

passing a known volume of air through two tubes (Fig. )■ 



12-2. Tlie Carbon Cycle 

How Carbon Dioxide Is Added to the Air. These experiments mig'd 
be planned as a scries of student demonstrations. . 

By means of a straw or glass tube, a student may blow bis 
through limewater. Its cloudiness indicates that he is breathing o 
carbon dioxide. Do all animals give out carbon dioxide in breat ung 
b - bottle that 


Another student might burn several wooden splints in a 


DUUll Salima **• “ — . . 

contains a little limewater. After removing the splints he should s w 
the bottle. What happens? A third student might repeat the experime 
with charcoal. Still another might collect a bottle of illuminating g 
by water displacement and repeat tbc experiment. 

What kinds of fuels produce carbon dioxide when burning? 
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If you wish, discuss will, your students how, fa addition to the 
respiration of animals and the combustion of carbonaceous fuels, the 
eruption of volcanoes and the natural processes of decay and foxnenta- 
tion are adding carbon dioxide to the air (Fig. 13-4). 



How Carbon Dioxide Is Withdrawn from the Air. You may wish to 
have students discuss how plants withdraw carbon dioxide from the air 
(Sec. 3-7). Students might prepare charts showing the dose interrelation- 
ship of plants and animals: plants absorbing carbon dioxide and releas- 
ing oxygen; animals inhaling oxygen and exhaling carbon dioxide. 

Students may recall, too, how carbon dioxide attacks limestone rock 
(Sec. 6-1), forming soluble bicarbonate that is washed away by streams 
and rivers to the ocean. 

You might want to discuss, too, how the shell and coral manufactured 
by the creatures of the sea represent trapped carbon dioxide, once free 
in the air. Deposits of limestone and similar rock made from the dead 
bodies of marine animals cover hundreds of thousands of miles of the 
earth’s surface. 

The Ocean: A Carbon Dioxide Regulator. If students live near the 
sea they might collect some sea water, heat it gently in a test tube, 
and test the evolving gas for carbon dioxide (Fig. 7-6). 

Sea water contains from eighteen to twenty-seven times as much 
carbon dioxide as docs the air. Most of this gas is produced by Jiving 
creatures of the sea. Ocean water is thus a vast reservoir that helps 
add carbon dioxide to the air and thus aids in maintaining a level of 
carbon dioxide concentration. 
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12-8. The Nitrogen Cycle 

Tracing Its Course. Students might recall the experiments on nitrogen 
nnd nitrogen-fixing bacteria (Sec. 8-8). , 

Your class may trace the course of nitrogen from the an through 
legumes, through animals, back to the soil and the air (Fig. 12-oJ. 



Fig. 12-5. The nitrogen cycle. ( From Chemistry and the Farmer, E. I* 
ront dc Nemours ir Co.) 


Students might bring in reports of the various kinds of bacteria m 
volved in the nitrogen cycle — nitrogen-fixing, nitrifying, denitrifying* 
What is the role of each? What would happen to living things if there 
were no bacteria of decay or soil fungi? Students might explain h°" 
the materials that compose living things have been used over and er 
again since the beginning of life on earth. 


12-4. Mining the Air for Its Resources 
The air that envelops the earth is indeed a mine of riches. To separate 
the mixture of gases of which it is composed we must first liquefy the air- 
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MAing Liquid Air. Pump up a bicycle lire M d ) m .e „ st „ ical n0(e 
he lieu evolved. Now allow the air to escape from the valve and note 
the cool, ng effect on a finger held at the opening. Tins will help ,o„r 
students to understand the principle on which liquid air machines 
operate, namely, the cooling effect produced when a highly compressed 
gas B allowed to expand freely. A physics or chemistry textbook can 
supply details. 


Separating Oxygen and Nitrogen. Place small beakers of alcohol and 
of water on a hot plate. Students may note that the alcohol vaporizes 
or boils off while much of the water still remains. The same is true 
for a mixture of alcohol and water or mixtures of other liquids. Students 
might look up the boiling points of oxygen and nitrogen. Which gas 
will come off first from liquid air? IVhat are the chief uses of oxygen 
and nitrogen? 

Separating the Rare Gases. How are the rare gases separated from 
air? After looking up the boiling points of those gases, students may 
figure out in what order they would he fractionally distilled from liquid 
air. What arc the commercial uses of the rare gases? Are any of them 
obtained from any source other than from the air? (Helium is found in 
connection with natural gas.) 


THE AIR WE BREATH: A STUDY IN POLLUTION 
12-5, What Is Happening to Our Air? 

Your students are already aware that air is needed by all living things. 
Ask your class to imagine what would happen to life on earth if the 
supply of air were seriously altered or damaged. 

Just ns America has encountered conservation problems of water, 
soil, forests, wildlife, minerals, so also are we experiencing a new and 
alarming natural resource problem— the disagreeable and dangerous 
pollution of the air supply over our large metropolitan centers. 

Because of the increasing importance of air pollution in our urban 
life, we are giving a rather fuller treatment to this section. Experimental 
material on air pollution is not yet readily available in school textbooks. 

Special thanks for the various air-testing techniques described in 
this chapter go to former Commissioner L. Creenburg and Dr. M. Jacobs 
of the Department of Air Pollution Control of New York City, Dr. A. J. 
Haagcn-Smit of the California Institute of Technology, and Dr. L. H. 
Rogers of the Air Pollution Foundation of Los Angeles. 

things of Science” has an air-pollution packet (unit 197) which you 
may find helpful. It may be obtained from Science Service, 1719 N St., 
N.W., Washington. D.C. 
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"^Factors Contributing to Air Pollution. W,en large numbers of people 
are crowded into small areas as in our big cities, nollution 

^.^rJ£S12 , raS , l!S-l 

"s“ Ead. -“■s'S?.: 

quires a beating installation. When improperly operated, each 
units of heating equipment is a potential smoke P roduce V h d „ M . 

Drop a few lumps of calcium carbide into a * 

collecting bottle one-quarter full of water. Igmte the aceq 
generated in the bottle. Students will notice the thick ^ black sm k^ ^ 
to the incomplete burning of the gas. A small acetylene g , ^ ^ 
miner's hat, will bum without smoking because of the presen 

Using a bunsen burner, close the air holes to produce a 
flame. Hold die bottom of a porcelain dish in the flame and s 
dents the black deposit that collects on it. The incomplete burning 
the hydrocarbon is the cause of the soot formation (Fig. -- )• -j on 

Now change the flame to nonluminous and hold the sooty P 
of the dish in the hottest part of the flame. Students will see tlia 
carbon is burned off (Fig. 12-6b). 
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Smoke formation from feels is tl,e resnlt of incomplete crnnWom 
the carbon instead of burning to carbon dlotiile, is deposited as soot. 
Proper combustion of fuels containing carbon can help cut down the 
smoke nuisance. One way to obtain almost complete combustion is to 
pulverize coal and blow it into a properly constructed furnace. Might 
students visit such an installation? 


T/ie Need to Dispose of Refuse and Garbage. Apartment houses in 
large cities often have their own incinerators to bum refuse and garbage 
for easy removal by sanitation crews. There is, as yet, no completely 
satisfactoiy design for incinerators from the viewpoint of smolc pre- 
vention. Each is a potential “smoker.” 

The Need for Transportation. Autos, buses, and trucks pour their 
gasoline- and diesel-engine e\hausts into the air. Ships and locomotives 
also contribute to the load of air pollution. 

The Need for Industry. Industry provides 11s with jobs, manufactures 
the things we buy, supplies us with power and electricity. Most of the 
factories, large or small, within many cities’ limits must operate heating, 
process, and refuse-disposal equipment. Many of these installations 
produce smoko, fumes, and odors. 

Why Control Air Pollution? The air upon which our life depends is 
becoming more and more polluted and has indeed in certain dramatic 
instances such as Donora, Pennsylvania, and London, England, been the 
cause of thousands of deaths. Have students report on these disasters. 
Fortunately, these instances have been rare, but just ordinary, everyday 
pollution, particularly in crowded urban and industrial areas, can cause 
untold if less serious damage. 

An Inventory of Harmful Effects. On Human Life. Air pollution can 
induce eye irritation. It reduces the receiving of the healthful ultra- 
violet rays emitted by the sun. It may cause depression and irritation 
and may bring on respiratory diseases. It can even kill. 

On Vegetation. Vegetation is affected by dirtying and poisoning of 
plants, or sooting of leaves and clogging of pores. Plants arc also 
damaged by penetration of gaseous pollutants into the leaves. Soifs may 
be adversely affected tlixough solid deposits or gaseous contact with 
pollutants. Damaged soil may well result in damaged crops and unsightly 
gardens and lawns. 

Students may construct a fumigation box into which one or two pots 
of plants might be placed (weeds or others) and a stream of sulfur 
dioxide (made by adding dilute sulfuric acid to sodium bisulfite so- 
lution) introduced slowly into the box, for a short period. Considerable 
care must bo exercised that the plants arc not overexposed. One or 
two pots of plants should be retained for controls. 

Another method might be to expose a plant to toxic vapor by filling 
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Fig. 12-7. Air inspector of the New Yorlc City Department of 
Control checks pollution coming over to Staten Island from a p 
jersey. He uses a Ringelmann chart for determining smoke density- 


and bridges. How is visibility measured (Fig. 12-7)? Air pollu o 
has the effect of reducing the hours of daylight. ^ 

On Property and Structures. Smoke, smog, and odors ten aTe3S . 
predate real estate and to drive residents away from certain 
Dirt in the air means that structures must be more frequent y p ^ 
or cleaned (see also Sec. 13-18). Lighting costs, too, increase as 
of daylight decrease due to smoke. nU . 

On Manufactured Goods. Dirt in the air can adversely affe 

* For a detailed report see Proceeding* of the Third National Air PoUutio 
poiium, Air Pollution Foundation, Los Angeles, 1935, p. In- 
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factored products, causing specks in white-paper manufacture, odor 
pickup in food products, and grit on precision bearing surfaces Cloth- 
ing requires additional Lmndcring. thus shortening its life. 

Fuel Waste. Air pollution h An index of fuel waste. Smoke or fumes 
coming from a chimney mean that the combustion or process equip- 
ment is inefficient, needlessly consuming millions of dollars worth of 
fuel ^ each year. This makes a double-barreled conservation problem 
\\ hat Are the Chief Air Pollutants? The most obvious of air pollutants 
are the dust and smoke that belch from smokestacks of all kinds. Then, 
too, there are noxious gases, chiefly sulfur dioxide, carbon monoxide, 
and nitrogen dioxide. Oxidants like atone are produced in certain of the 
smogs (Sec. 12-7). In some instances one may find crankcase oil, salt, 
aldehydes, death-dealing cyanides, fluorides, lead, and hydrocarbons. 
12-G. Some Simple Tests for Air Pollution 


Measuring Dust Fall. Students may place a clean bucket or other 
container, one-quarter full of water, in an unprotected outdoor spot, 
about 3 or 4 feet above the ground. (Antifreeze should be added if the 
climate is so cold that the water would tum to ice.) The container 
should be checked at the end of 24 hours and again at the end of a 
week for evidences of foreign matter. This will he a rough measure of 
the air pollution in your locality. 

The use of a petri dish is an old and useful procedure for measuring 
dust fall. Bacteria, molds, etc., can be identified by exposure to the air 
of a sterile ngar in a petri dish. 

A simple demonstration which is completed in several hours and 
which may therefore be useful in a classroom is this: Set a suction flask- 
fitted with a Buchner funnel and a moistened course filter paper on the 
window ledge and connect it to a water aspirator. The filter paper 
will usually collect considerable dust. 

An experiment of this kind can then be related to the amount of dust 
collected by a room air-conditioning filter. Have a student bring in the 
clogged filter of such a unit The doss could then do some simple 
calculations on total quantity of air breathed per day by man in normal 
activity (0.33 cubic feci per minute),- the weight of the materia] col- 
lected on the clogged filter, and the total volume pumped by die air- 
conditioning unit during this time. This could then be related to the 
amount of dust retained by the lungs during this period. 

Examining Air Dust. Suggest to students that they collect some air 
dust and examine it under a microscope to see how many different sub- 
stances they can find. 


’Calculated from data given in I* A. Hardin* 
Venting, and Mr Conditioning, John Wifey & St 


and A. C. Willard, Heating, 
as, Inc., New York, 1937. 
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An Electrostatic Dust S . **^ £**?%£< f to *“ 
electric field they will b ^ 1 .™°'^ lie ) dccllos i !I tic precipitator consists, 
magnetic field upon iron filings. T1 needle that is insulated 

in its simplest form, of a metal tube and volts is 

from the tube. A constant electrostatic field of : Wf DWM t , Je 

applied between .be need e - stltie machine. 

» «« - — 



Van De Graaff gen-j^or 
or 

Wimshurst static nachine 

Fig. IS-S. An electrostatic dust sampler. 


is blown through the tube, it will be precipitated on the "al^ ° 

tube (see also Sec. 12-8). —wntestacfc* 

Measuring the Density of Smoke. Industrial smoke from ** ^fcts 
is measured with the aid of a Ringelmann chart. An inspect ^ 
the smoke from his observation post and compares its dens«> 
shades of the chart (Fig. 12-7). Smoke must be of S 11 ®?*® ^ 

when compared with this standard to be in violation ot tne 
practice is used in virtually every city in the United States. jb j y 

If your school is situated in an industrial area, you mig 
obtain a Ringelmann chart from your Air Pollution Control Dep 
In New York City, for instance, you may obtain a Power s 0“°® 
mann by writing to Department of Air Pollution Control, lo ^ , , bn c, 
Sulfur Dioxide. Sulfur dioxide in air can be detected ay * 

air through 3 per cent hydrogen peroxide, then making the t _ 
sulfate. Or, air may be drawn through a very dilute neutral so u 
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hydrogen peroxide containing an indicator such as a mixture of 06 m Ln 

TO.™ C aTL g d ™ *'“!/" e “"! metl1 )' 1 red ■" 1 liter of methyl alcohol 
When air h drawn through this solution, the indicator will change 
mhir, provided sufficient sulfur dioxide is present in the air S 

Carbon Monoxide, Draw air through a U.S. Bureau of Standards 
carbon monoxide detector tubs (Fig, 12 . 9 ). This tube changes from 


ft 








Fig. 12 x 9 . Colorimetric carbon monoxide tester. This tester depends for op- 
eration on an indicator tube in which is contained a yellow silica gel im- 
pregnated with a complex silico-molybdate compound and catalyzed by means 
of palladium sulfate. 

In use. the sealed ends of a detector tube are broken and the tube inserted 
in the tester's tube holder. A sample of air is then aspirated through the 
tube. When the air sample contains carbon monoxide, the yellow silica gei 
turns to a shade of green, the intensity of which is directly proportional to 
the concentration of carbon monoxide in the air sample at the time and 
location of the tests. Mounted directly beside the indicator tube is a revolving 
color scale. The tester is capable of indicating the presence of carbon mon- 
oxide in air from 0.001 to 0.10 per cent by volume. 


yellow to various shades of green in the presence of carbon monoxide. 

Nitrogen Dioxide. Nitrogen dioxide or nitrites are indicated by the 
development of red color in the reagent for nitrogen dioxide (Sec. I8-I9) 
when air is bubbled through it. The production of oxides of nitrogen can 
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be she,™ by bubbling “exhaust” from a combustion motor or a bunsen 

burner through the reagent solution. Anecles type smog 

Oxidants. The most pecuhar proper! ly of a la > A g W , 

attack (Sec. 12-7) is a strong oxidizing effect Tl ,s can ^ ^ 

with 2 per cent potassium iodide in distilled « ate • 111 , crated, 

through this solution. An oxidant is indicated when jodme is libcrateU, 
as show-n by the development of a dark Hue coorw iena^ ^ ^ 

starch solution (1 per cent in distilled ' vatcr > 1 . arc j ow .) 

solution. (Tliis may take some time in areas "’here oxide ^ 

Other Pollutants. Several other air pollutants are under y 
Boyce Thompson Institute for riant Research, Yonkers, !cw ‘ )ls 
students might unite for literature describing the 
of exposing plants to the vapors of hydrogen fluoride ( y 

important industrial chemical) and ethylene (from .Hum j"a‘”S6 ^ 
Boyce Tliompson is also conducting research on the barm . 

certain plants of the 2,4-D spray as well as mercury vapor po g 

12-7. The Story of Smog 

What Is Smog? You may want to try this experiment with your s u- 

Takc two very large balloon-type flasks and invert them. Fill 
them with smoke from touch paper or a cigarette. Send a ]c J 
steam into both flasks. The moisture will condense and run down 
sides of the clean flask, while the flask containing the smoke 

filled with a dense fog. ,t nlets 

Dust particles in the air form the nuclei around which water ^ r * 
condense to form fog. Fog is usually one step in the formation o srt ’ 
a word coined from the two words smoke and fog. Smog ,s n0 
smoke or fog. It is composed of many gases from cars, tac 0 
incinerators, and chimneys that react in sunlight, forming some m) ^ 
ous factors that scientists have not fully identified as yet. These a ^ 
are the harmful part of smog. By controlling all pollution these anT1 
substances can be kept down. 

Industry is only partly to blame for smog. Scientists believe 
certainly in some areas more than half the harmful pollutants 
from the activities of ordinary citizens; in other words we are pro ^ 
the biggest makers of smog. The worst offender is the family car ^^ t 
unbumed fuel, coming from the exhaust pipe, is probably our 
pressing air-pollution problem. ... j , 

The answer is to keep this wasted fuel out of the air. Several 
devices are being tried now, which may cut down smog by stopping ^ 
waste. It may, for instance, be possible to perfect devices for re ^'°^ ne ^ 


pollutants at the tailpipe of the engine with a converter or 
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Scientists know also that a device for cleaning the exhaust of auto- 
wobdes near the car’s engine would he valuable in the fight against smo*. 
It has now been discovered that by use of tbe cat.dyst vanadium pen- 
toxide SO per cent of the offensive hydrocarbons in exhaust fumes can 
be removed. 

\ou might also want to discuss with your class this “quote" from 
Eugene F. Hill, Manager of the Chemistry Department of the Ford 
Scientific Laboratory, Dearborn, Michigan: “Since it is a uranium by- 
product, vanadium pentoxide is in excess supply at a cost which makes 
an exhaust device foot more economically attractive than ever before." 

The ordinary citizen does other things besides driving the family car 
to produce smog. What about the burning of open rubbish in our cftics? 
Or the burning of leaves, which might better be used for compost? 

We must be careful also of tbe kinds of fuel we bum and the ways in 
which we bum them. Costly? Yes. It is true that Pittsburgh’s fuel bill 
increased when bituminous coal was banned, but the city estimates it 
saves 25 million dollars in cleaning ever)* year (Fig. 12-10a and b). 

St. Louis and Its Solution of the Smog Problem. It is one thing to ban 
the smoke nuisance from a city and another to make it economically 
possible for consumers to foot the bill. This problem was solved in St. 
Louis, for example, by the discovery of a way to produce smokeless fuel 
from the inferior Illinois coals, which, though cheap ami plentiful, burned 
with a devastating a mount of soot. Extensive research resulted in a 
method known as the Curran-Knowles process that was able to produce 
inexpensive and smokeless coke. This coke cost the St. Louis fuel con- 
sumer no more and enormously benefited the health and cleanliness of 
that community. 

Los Angeles and Smog. The story of the smog of Los Angeles, why 
that particular region is subject to this acute problem; how the culprit, 
ozone, caused by the famed California sunshine acting on gasoline fumes 
and nitrogen oxides, was tracked down in a brilliant piece of scientific 
detective work by Professor Jjnagcn-Smit of California Institute of 
Technology; what the city of Los Angeles is now doing to combat the 
problem is a fascinating story. 

You might want to introduce the topic of smog with this reading selec- 
tion from an article by Ronald Schiller in the Decent t>er, 1935, Notional 
'Municipal Review. 

That Los Angeles should lave been the first of our Urge cities to 
suffer from smog is due to conditions of climate and topography, pier* 
the fact that the city's population has gnwn so fast that it has out- 
stripped its sir supply. ...» t 

The Los Angeles basin, 60 miles long by 2 j miles wide, is hemmed 
in on three sides by mountains, and the steady pressure of cool a.r from 



Fig. 12*10. Pittsburgh, Pennsylvania, “before and after.” (Above) 1 ~ . 

smoke control; (below) 1956— smoke control in effect. (Courtesy of A 
Conference on Communiitj Development, Pittsburgh.) 
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the Pacific boxes it on the fourth side. Hot air from die Mojave Desert, 
flowing westward over the mountains, overrides the cool air, creatin'' 
a °i e d °' V - n atmos P here “Hed a “temperature inversion." 

When the lid provided by this inversion drops below 1500 feet, pre- 
venting the incoming air from escaping over die mountains, the valley 
becomes a gigantic stagnant receptacle into which are poured the dis- 
charges from millions of chimneys, 15,000 industrial stacks, 1500000 
home incinerators, and 2,500,000 automobile and truck exhausts. 

Nighttime provides only temporary relief. Centle offshore breeze s 
watt the polluted air out to sea, but it drifts back next morning. Each 
day adds more airborne waste, so that the longer the inversion exists 
the worse die pollution becomes. The inversion occurs some 250 da\s 
each year. 


When smog first appeared in Los Angeles in 1943 no one knew what 
caused it. At first it was thought to come from the sulfur fumes from 
the city’s huge oil refineries. The oil companies installed six million dollars 
north of sulfur-recov ery equipment but the smog grew worse. 

The mystery was solved in 1950 by Dr. A J. Haagcn-Smit. It had 
been long known dint automobile tires in Southern California did not 
last as long as tires elsewhere. It was discovered that die cause of the 
cracking of the tires was ozone. Haagen-Smit suspected that ozone might 
have something to do with smog, too. 

He knew that ozone could be created in a laboratory by subjecting 
air containing traces of hydrocarbons and nitrogen oxides to strong light 
He decided that ozone m Los Angeles air was caused in part by the 
celebrated California sunshine working on the hydrocarbons which 
emanated from gasoline in the air. Most of this gasoline comes from 
exhausts of cars and trucks. Since seven per cent of the gasoline that 
passes through the average automobile engine escapes through the 
exhaust unbumed, 400,000 gallons of gasoline are being sprayed into 
the Los Angeles air every day! Nitrogen oxides also axe spewed into the 
air by automobile exhausts and industrial stacks as well as back-yard 


incinerators. 

AH the requirements for ozone were thus present in the Los Angeles 
atmosphere. But with what did ft combine to form smog? How about the 
excess gasoline that had not gone into making ozone? In his laboratory 
Haagen-Smit poured some gasoline into a beaker, piped ozone over it 
— and instantly the room was filled with smog, the identical ey e-irritating. 
throat rasping, acrid smog that the Angelenos had been breathing for 
years. 

When the villain 1 in the case was identified, the city' took steps to 


* Dr. Haagen-Smit has modified this appellation in the following 'Wiy : “I would 
prefer to speak of a conspiracy of ‘villains.' and identify them as hydrocarbon, 
oxides of nitrogen, ozone and (heir reaction products. In die formation of LA. type 
smog, oxides of nitrogen come first, because they ore emitted in ah burning processes. 
With hvdrocarbons, oxides of nitrogen react to form ozone in a photochemical re- 
action. Neither oxides of nitrogen nor ozone are eye-imtating at the concentration 
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come ,o grips wifl, «. Now on 

" PonuUon^tro. headless. 

Summaries are relayed In keep the populace stopping pollution 
Bui identifying the villain is only P a * 0 ‘“e Sdsnc”unning 
at its source si, 11 seems the prime neecssity.Itjfll toke bo ^ cm ^ 

and millions of dollars to clear the = ' Ultimately all cities must 

cities that are fast developing sumlar problems. W mate y ^ 

realize that air supply, like water supply has I- and “ ^Orout 
not go on forever discharging more and more into them sues 
serious consequences to their citizens. 

Research goes on apace. Your students may bring to class newspaper 

and magazine reports on new findings. nzonizer. 

Ozone. One nf the “Villains." A simple and not too dan S“° a 

a form of Cottrell precipitator (Sec. 12-8), can be made ) 



metal rod or round file mounted in the center of a Liebig condenser ^ 
source of high-voltage alternating current (Fig. 12-11). The ° u ^‘ e 
the condenser is wrapped with tin or copper foil and grounded. -v 
is passed through the cooling jacket of the condenser instead o ' va ^ 
For best results a condenser should be selected in w hich the space 

found in L_\. atmosphere, but the presence of both leads to eye irritation and p 
damage because of the simultaneous presence of hydrocarbons. pfanuA 

Dr. \V. L. Faith, Managing Director of the Air Pollution Foundation of ^ 

added this statement (in July, 1958): “The big point that we make o reS ent. 

that both hydrocarbons (probably certain olefins) and oxides of nitrogen P 
chiefly in automobile exhaust, and therefore the exhaust must be contro 
smog can be banished." 
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tween the outer jacket and the inner tube is held (o a minimum. For 
a sate source of alternating high voltage, commercial high- vacuum test- 
ers such as described in the catalogue of Centra] Scientific Co. (Sec. 
18-3) might be useful. 

Producing an Aerosol. Art “aerosol" is n minute particle of matter, 
solid or liquid, so small that it can remain suspended in the air almost 
indefinitely. In smog, aerosols (which include smoke, dust, mists, and 
fumes) diffuse light and reduce visibility. 

It might be possible to show the typical aerosol formation with gasoline 
by using the ozone maker described above. Fill a flask with ozone. A 
drop of gasoline placet! in the flask should cause the formation of consid- 
erable haze. 

A simpler method of showing aerosol formation is to open simultane- 
ously bottles of concentrated ammonium hydroxide and of concentrated 
hydrochloric acid standing side by side. Almost instantaneously a dense 
white aerosol of ammonium chloride is formed. 

Ozone Detections Its Cracking Effect on Rubber. The cracking effect 
of ozone on rublwr under tension can be demonstrated by suspending a 
l>cnt piece of rubber in a flask containing ozone, or by passing ozonized 
air from the ozone maker (Fig. 12-11) oxer a bent rubber strip. 

If no ozone is available and you live in a region of smog of the Los 
Angeles type, a cumulative test can be made by hanging a bent loop 
of rubber outside in a shady spot for about a xvcck and observing the 
cracks obtained. 

Smog’s Effect on Plant Growth. The effect of smog on the growth of 
seedlings might be demonstrated by an interested student. Dr. O. Clifton 
Taylor, horticulturist at the University of California, Riverside, has shown 
that smog causes substantial weight losses in grapefruit and lemon seed- 
lings. 

12-5. Cleaning Air 

Dry Cyclones. Tin’s process consists in using revolving jets of air to 
remove small particles. 

Liquid Spray Cleaners. In tin’s method small particles and fumes are 
washed out of air. The difficulty of removing some effluents by water 
washes may be shown by blowing cigarette smoke through water. 

Charcoal Filters. The efficient action of activated carbon filters can be 
shown by passing air through a filter of this kind and comparing the re- 
sults of the tests for solids and gases described in this chapter on filtered 
and unfiltcred air. 

Dust Chambers , . 

1. By whirling clouds of fine clay or silica-gel particles, one is able 
to pick up acids and harmful liquids in smoke. 
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2. High-frequency sound waves '“tiUhe heavier parti- 

3. Settling chambers slow the speed of smoke u 

cles settle out. n1r ticles to coalesce and 

4. Electrostatic precipitators cause smohe particles 

settle on a charged plate. _ , . , F T Houdry consists of a 

c^; o^n Xi t^oXrstfnts^ri 

f— additianalheat 

formerly expelled large volumes of smoVe. dust, and an 



F»S* 12-12. A demonstration dust precipitator for the laboratory. ( g ofn 
Weater and L S Fortcr, Chemistry for Our Times, McCrotc-" 1 
panij. Inc . Setc York. 1951 ) 
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factory stacks. These espelled frahrets blighted and often poisoned the 
countryside. r 

Dr. Frederick G. Cottrell (1877-1948), an American chemist, solved 
the problem by precipitating the colloidal dust with elecfricifv of high 
voltage. By using the Cottrell method of coagulation of smoke, smelters 
and factories have become better neighbors, purer and cleaner chemical 
products can be made; potash is recovered from the stacks of cement 
kilns; zinc oxide is salvaged from brass foundries; precious metals are 
no longer lost from refineries. Small precipitators can be used to keep 
down household and office dust. 

The Cottrell process lias not only helped to solve the smoke problem 
hut has actually turned wastes and nuisances into a source of profit, 
nils is indeed both wise and profitable from a resource point of view. 

The Cottrell Precipitator; Laboratory Model. Set up the apparatus 
described under an ozone generator (Sec. 12-7). Do not wrap the entire 
length of the tube in metal foil but leave a little of the tube free so that 
students may view wliat happens on the inside. Use a water suction pump 
or equivalent to pull a slow, steady stream of air filled with cigarette 
smoke through the glass tube. Complete the circuit and the smoke-filled 
tube will immediately clear, as a result of precipitation of the colloidal 
particles of smoke. 

A variation of this model, using ammonium chloride as smoke, which 
is blown into the smokestack by compressed air, is shown in Fig. 12-12. 

12-9. How Can Air Pollution Be Attacked? 

On These Fronts. No one way, but at least four are needed: 

1. Patrolling for air-pollution offenders. 

2. Stopping the spread of air pollution. 

3. Carrying on practical scientific work on the causes of and the cures 
for air pollution. 

4. Educating the general public on the problem. This means not only 
fuel dealers, building managers, installers of combustion equipment, 
architects, engineers, but all of us. 

Air Pollution and Us. Unfortunately, but quite probably, much of 
what happened to the clear skies of Los Angeles is happening to the city 
in which you live. Already there is mounting smog in New York, Detroit, 
Chicago, Houston, Philadelphia, Louisville, Des Moines, New Orleans, 
San Diego, Cincinnati, and many others. The chances are that unless 
something is done, most of our cities will have crossed the smog thresh- 
old in a decade or two, and their citizens will be breathing badly pol- 
luted air. , 

Little is known about the tolerance of living tilings to various degrees 
of air pollution. Is there, for instance, some connection between air pol- 
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lution and lung cancer? Far more research is needed. Ordinarily, given 
enough space, the pollutant becomes dissipated. But there doesn t seem 
to be enough space any more. Should we permit the atmosphere o\er 
our cities to become almost but not quite lethal before action is taken? 

Like water, air belongs to all of us. As with water, we can tolerate 
only limited amounts of pollution in our air. We use our air, particularly 
in the big cities, as a huge garbage-disposal system, simply by pouring 
millions of tons of refuse directly into it. 

As we now have water commissions and sanitation laws, each city will 
need to proride itself with air-pollution-control officials and regulations. 
Adequate funds and powers will also need to be assured. The entire 
field of air-pollution control is so new and so complicated, it may be 
that individual cities or even counties will not be able to cope inde- 
pendently with the many problems that need immediate solution. Per- 
haps an approach must be made similar to that in other fields of re- 
source conservation: creation of an effective organizational pattern for 
air resource management, and development of rigorous and imaginative 
air conservation programs. 

We must Icam to conserve our air, for its pollution is one of the major 
threats to the future of our cities. In order to survive, cities must have 
clean air. Though an ounce of prevention may be costly, it B surely 
worth the far more expensive pound of cure. 


13 

Our Mineral Resources: 
Finding and Identifying Them 


Earths mineral wealth is the subject of this chapter. What minerals 
are, how they were formed, where they are distributed, how ores may 
he located, what their properties are— these topics arc illustrated with 
appropriate teaching techniques. 

Until recent times, wo in America have been tempted to take our re- 
sources completely for granted. We recognized that we were a nation 
unusually wealthy in our mineral resources and \vc could not quite be- 
lieve that it might ever he possible to exhaust our stores. 

Just as we have had to take thought for our renewable resources, our 
water and soil, our forests and wildlife, so we arc beginning to take 
stock of the nonrcncwnblcs — our rocks and mineral ores, both metallic 
and nonmctnllic, and our fossil fuels. 

NonrcncwabJc resources differ in one important respect from the 
renewables. Once taken from the earth, they cannot, for countless gen- 
erations, “grow" again. Wc "harvest" our crops. We “mine’* our min- 
erals. In both instances there can and indeed must be w’isc management. 

OUR MINERAL WEALTH 
13-1. To Start the Unit 

Some of your students may already be interested in mineral and rock 
collections. These might be brought to class. Or it may be possible to 
explore a road cut, bank, cliff, excavation, or quarry for specimens. (Per- 
mission should be asked when visiting a quarry.) 

Minerals, the inorganic chemical elements or compounds found natu- 
rally in the earth, have fairly definite and stable properties. Rocks are the 
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large masses of minerals or mineral-like materials that form so important 
a part of the earth's crust. They include solid bedrock as well 

consolidated debris above it. , . » i, i n 

You may want to spend a little time on the different lands o rod 
be found on earth. Igneous rocks are formed at high temperatur f 
molten materials (Sec. 13-2). Sedimentary rocks are formed and l m 
from place to place by winds, waves, currents, ice and gravity t o- 
7-2). Metamorphic rocks are those which have been altered by hea , P 
sure, or chemical action. Can your students find examples of the vari 

kinds of rock? . t vou 

For help in testing, identifying, and classifying rocks and miner ' , 
might want to use as a primer the Golden Nature Guide, Roc 
Minerals (Sec. 19-6g). 

13-2. How Are Minerals Formed? 

The Cooling of Melted Earth Materials. Carefully melt some sulfur 
in an earthenware crucible or porcelain dish, making sure that it 0 
not catch fire. Cool it, and when a cim 
forms puncture it and pour off some o 1 
liquid. Students may observe the forma 10 
oE prismatic crystals on the sides o 
evaporating dish (Fig. 13-1). 

Or this technique might be tried: i c ‘ 
thin layer of sulfur on the flat bottom o 

*' ... .. .1.. lnnlpm 



crystallizing dish. Then set it on the lantern 
for vertical projection. In a few second » 
crystals may be seen to branch out ro 
the sides of the dish. Instead of su 
melted acetamide may effectively be uSC< 
to demonstrate crystallization on cooling- 
Deposition from Vapors. Heat some 
ers of sulfur in a large test tube. Melt an ^ 
boil the sulfur cautiously. Students jj 13 ) 
note the deposit of a finely divided )' c 
powder as the sulfur sublimes on the cool upper portion of the test tu • 
Invert a bottle of sulfur dioxide over a bottle of hydrogen sulfide ° n< ^ 
allow the gases to diffuse for a few minutes. When your students exam^ 
inc the inner walls of the bottles they will find, in addition to a film 0 
moisture, a deposit of finely divided sulfur. It is believed that this is 
way sulfur has been formed in volcanic regions. 

Deposition from Solutions. Wet a clean lantern-slide cover "'iu» 
saturated solution of ammonium chloride and warm it o\or a flame. 


Fig. 13-1. Making sulfur 
crystals by cooling molten 
sulfur. 
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place it in the slide holder of a projection lantern before crystallization 
starts. Or you might warm a slide and pour on it a solution of salicylic 
acid. In all these cases crystallization proceeds rapidly, especially if the 
lantern is warm. The process, of course, may be viewed on the screen. 

Growing Crystals, The growing of crystals is an absorbing project that 
can be done at all levels of science work. 

Students may hang a piece of string in a shallow open dish containing 
a saturated solution of sugar, salt, or copper sulfate. As the crystals grow, 
students might draw pictures of the crystals and try to identify the crystal 
systems to which they belong. 

In chemistry classes, when studying solutions, solubility curves, etc., 
students might make up their own solutions for crystal growing. Study- 
ing the solubility curve of copper sulfate, for instance (Fig. 13-2), it is 
seen that about 42 grams of blue vitriol will dissolve in 100 cubic centi- 
meters of water at room temperature. Suppose the student wishes to 
make lip 500 cubic centimeters of stock solution and decides that he will 

160 
150 
-c »<0 
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need 210 grams of solute. Will that be enough? No, ho vvrll need a hide 
more to ensure saturation with slight temperature variations. He m 
need to crush the powder, heat and stir the solution (why?), and then 
let it cool to room temperature. Next, he places a little of ^ the so u 
a Bat-bottomed shallow dish (a crystallizing dish if possible) and lease 
it for a day or two. He will usually find some tiny, perfectly shapeo 
crystals. These should be separated out and the other imperfect cr>s 
rejected. Then the “growing” starts in earnest. With two or three s 
crystals in the dish, the solution level should be maintained from ) 
to day. The crystals should be turned each day to ensure even grow • 
In addition, a fine grade of sandpaper may be used to smooth une\e 
faces. . 

In one school, crystal growing became quite a hobby in the chem uj 
class and was passed on from year to year. Students became , 

and involved as the collection grew. Best results were obtained wi 
copper sulfate, alums of various kinds, potassium dichromate, and potas 
sium fenicyanide. One student, interested in mathematics, made car 
board models of the various crystal forms; another tried to grow mo e 
crystals to represent each form; still another grew a potassium alum coa 
ing on top of a chrome alum crystal that was efflorescing. Care, pa 
tience, and skill were brought to the task and the students enjoyed ’ e 
continuity of the project, even when they had to leave it. One studen 
in writing up his report, stressed some of the problems he bad encoun 
tered and solved in his crystal-growing experience, hoping to help some 
other student along. His final words were, “Good luck, future crysta 
grower P 

Crystals from the Sea. Your students may be interested to learn 3 
in studying the earth modem scientists began to w ork with the deposition 
of substances from the sea. They learned that when sea water evaporates 
under natural conditions calcium carbonate is the first solid to separate. 
As evaporation goes on, gypsum and common salt settle out. Only wne 
the solution is down to 1.54 per cent of its original volume do the potas 
sium and magnesium salts crystallize. This accounts for deposits of these 
salts in various parts of the world. Students may find out where these 
deposits are located. . 

Your students who live near the sea might attempt to do this fractiona 
crystallizing (Sec. 14-13), removing crops of crystals as they form an 
subjecting them to simple analysis of anions and cations (Sec. 7-11 )• 

Minerals from Plant and Animal Life. Can your students collect sam- 
ples of stones or minerals that have been formed from the remains o 
plant and animal life? Most limestones are of marine origin, built up 
from chemicals supplied by corals, worms, crinoids, mollusks, and alg ae 
Certain samples of coal will also reveal fossils of giant fern. 
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13-3. Where Are Mineral Ores Found? 

Now, you may want to take a look at world geography. Have your stu- 
dents compiJc a hsf of the important ores of die world and in what coun- 
tries they are abundant. Hie chart shown in Fig. 13-3 will be helpful to 



Minerals available lor export 

| — ~n Minerals Inadequate to meet 
l — ,-J domestic demands or so located 
orof such grade and cost 
as to require Import 


□ 


Minerals adequate to meet 
domestic demand 
Minerals (or which the country 
depends almost entirely on Import 


rig. 13-3. Mineral resources. Self-sufficiency of selected countries in major 
minerals. (From F. G. Walton Smith and Ucnnj Chapin. The Sun. The Sea 
and Tomorrow. Charles Seri liner’s Sons. Aeto York, I’m 5.) 
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them. This can be brought up to date by consulting the 

Yearbook a f the U.S. Bureau of Mines. It .s important for * ' 

become aware of the fact that the world situation in regard to minerals 

is a changing and not a static one. lwlv 

It will become evident, as your students progress, how part J 
rich and blessed our country is in its resources. Yet in late years : wc J i 
gone from a surplus to a deficit nation in certain raw materials. At n 
start of the century we produced some 15 per cent more raw ma c 
than wc consumed (excluding food); by mid-century wc were cons 
ing 10 per cent more materials than we produced. ^ 

Your students may he interested in knowing what our present ,nV ® 
tory” is, what our government is doing to enlarge it (Fig- 13-4), '' 1 
the key commodities arc, how the materials problem is really a pro ) c 
of “costs,” and how wc may plan for the future. These and many o ie ^ 
considerations are covered in Resources for Freedom, Summary o 0 * 



Fig. 13-4. In the search for much-needed strategic and critical 
linrcau of Mines engineers are engaged in mineral exploratory prop** 
throughout the country. These men are connecting and lowering dian* 0 * 
drill rods at a manganese deposit in Aroostook County. Maine. (1/-S- » UTC 
nf Mines jiJioto.) 
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ASJ '"' “ he to > 0 ' to bring this material „p 

134. “Prospecting” with Your class 

If your school is located m ore-rich country, then your students can 
plan to go on field trips which will give them a firsthand view of the 
way ore is discovered. 

If your school is situated so that this kind of field trip is impossible, 
you can still use ingenuity and go ’prospecting.” One way that this might 
he done is for a group of your students to p/an a series of demonstrations 
and talks to illustrate the different methods.- 
Panning. A student might mix some small pieces of lead shot with 
some powdered charcoal in a shallow dish or pan. He should then swirl 
it under running wafer, allowing the lighter charcoal to run off the top 
while the heavier lead remains in the dish. The most famous of all pros- 
pecting instruments is the miners pan. 

Magnetic Method. Using the iron ore magnetite mixed with gravel and 
sand, a student may try using a magnet for detection. By means of a 
compass needle or other magnet, geologists have discovered and mapped 
the outlines of iron-ore deposits in the Great Lakes district and m other 
parts of the world. 

Gravimeter. When a plumb bob or a pendulum is set up close to a 
mountainous region, it is deflected from the vertical. This is because the 
great mass of the mountain exercises gravitational attraction on the 
pendulum or bob. Similarly, rocks containing minerals (and therefore 
of high specific gravity) can be detected below the surface by gravity 
instruments. These instruments arc so sensith e that they tum more when 
near a dense mineral deposit than when close to the surrounding lighter 
rock. If a gravimeter is available, this might be demonstrated. 

Seismograph. This method is more fully described In Sec. 15-9, Pro- 
specting for Petroleum. It is used .also to detect the presence of salt domes. 

Ultraviolet Detection. Scheehte, an ore of tungsten, and uranium ores 
are fluorescent and can be made to glow in the dark if placed under an 
ultraviolet lamp. 

Geiger Counter. 77a? presence of vraninm ore, which )jsjs previously 
been placed in a pile of rocks, may be detected by means of a Geiger 
counter. 

Geochemical Prospecting. Your students may be interested in follow- 
ing the development of geochemical prospecting for uranium ore. This 
type of prospecting does not use the Geiger counter for locating deposits 
deep underground. Instead, small deposits are traced back to the mother 
lode, much as the gold miners of ’49 panned upstream for gold tracings 
or “colors.” 
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Geochemical prospecting for other ores of hca^ metals 
eating traces of ore forming a "halo in surrounding • 8 jf ^ 

illustrates a test for heavy metals that your s '“ dcn *? “ ^ ‘ „ther gay 
needed chemicals can he procured. More details of tills ana «ner h 
chemical tests may be found in an article Chemical Frospcc i 



Fig. 13-5. Chemical prospecting for heavy metals — copper, zinc, lead' ( 

A given amount of stream sediment is placed in a graduated test * u , m 
ammonium citrate solution (colorless) is then added to strip the metals ^ 
the fine grains of rock and also to maintain the proper acidity; (c) 3 S‘\_ 
amount of dithizonc (diphenylthiocarbazone) dissolved in xylene ( 3 S r , 
solution) is added; it floats on top of the mixture; ( d ) the sample is sna 
vigorously for 5 seconds; (e) the red color indicates the presence of » IC3 ^ 
metals; (/) dithizonc is then added a drop at a time until the red coutf ^ 
the top layer fades. The total amount of dithizonc that must be added , 
the mixture indicates the amount of the heavy metals present (From Sctcn } 
American, July, 1957.) 



FINDING AND IDENTIFYING OUR MINFJLtL RESOURCES 259 

Harold Bloom and Harold F. Watson in the July, 1957, issue of Scientific 
American. * 

Prospecting with Plants. If your school is located near any bodies of 
ore, there is a chance for some interesting research. Professional botan- 
ists arc busy seeking the correlation between vegetation and ores. It has 
been known for some time, for instance, that n certain species of violet 
in Germany is always found near the outcroppings of zinc deposits. It 
has recently been discovered that over the iron ores in Venezuela the 
vegetation has a different appearance, with unusual growth forms. Tins 
difference can be spotted from the air. 

Research in this field is still in its infancy, but its development is of 
enormous interest to future prospectors. Dr. Richard S. Cowan, Assistant 
Curator of the New York Botanical Garden, is among others doing pio- 
neer work in this field. 

A Method of the Future. A new method of prospecting for hidden 
mineral deposits may result from discoveries made by scientists at the 
California Institute of Technology. Studying clues left by nature 250 
million years ago, they have found that the location of underground ore 
is indicated by variations in heavy and light oxygen surrounding the rock. 
Your students might follow developments in this area and bring reports 
to class. 


1 3-5. Characteristics of Minerals 

Here arc a number of ways of identifying minerals by means of their 
physical and chemical properties: 

Hardness. Hardness is the resistance a mineral offers to being scratched. 
The standard by which minerals are judged is Mohs’ scale (Table 13-1). 


Table I3-I. The Mobs' Scale of Hardness* 


Scale of 
hardness 
1 


Mineral 

Talc 

Gypsum 


Scale of 
hardness 
6 
7 


Mineral 

Orthoclase 

Quartz 

Topaz 

Corundum 

Diamond 


3 Caicilc 

4 Fluorite 9 

5 Apatite 10 

■ A mineral into. Han 2 5 can be maided ««■ « fingernail. A mpper penny 
has • hardness of 3 lo 3 5. A knife «i» scratch a orlneral »rth « hardness of 5 to 55. 
A mineral harder ll.an 5.5 will scratth window glass. 

Cleavage. Cleavage is the tendency in certain rocks to split and yield 
a plane surface each time the rock is broken, lour students might rllus- 
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irate with mica (perfect cleavage in one direction) feldspar (elcarag 
in two directions); rock salt (cleavage in three directions). 

Fracture. Fracture is the characterist.e appearance o£ 1,10 s, ‘™“ 
mineral when it breaks in any other direction than alongacleavagc 
plane. Mineralogists use the words splintery, rough, or smootl t 

^Luster. Luster is the quality of the surface of a mineral In 
the kind and intensity of the light it reflects. Such words as glas y ( 1 
or fluorite), metallic (pyritc or galena), earthy (lunon.te), and pearly 

(eypsum and barite) arc used to describe luster. , deter- 

Streak. Streak is the color of a minerals powder. St,l ^ en ^ ^ ]ikc a 
mine streak by rubbing a specimen across a hard white k 

piece of unglazed porcelain tile. Some minerals have a charac 
streak (hematite's is cherry red); others have none. 

Color. Color alone is not a great aid in the identification of m 
erals, for so many of them have color varieties. (Students may 11 
this with various samples of quartz.) Color may help, liowcvc , 
used along with other characteristics. 

Fusibility. Using small, thin splinters of the mineral, students mV y 
to melt them in a blowpipe flame (Fig. 13-6). The seven-point fus.Diu y 
scale is given in Table 13-2. 




Fig. 13-6. Melting a mineral in a blowpipe flame, (a) An oxidizing flame, 
(b) a reducing flame. 

Specific Gravity. The determination of the specific gravity of miner®! 
rocks is an interesting experiment in physics. By definition, specific gr®^ 
ity is the weight of a substance compared to the weight of an equal du 
of water. 

If your students wish to find the specific gravity of a mineral hea'ie 
than water and insoluble in it, there are two methods that may he em 
ployed. (For the specific gravity of a substance lighter than water, sen 
Sec. 10-11.) 

1. Weigh the mineral in grams. Place the mineral in a graduate 
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Tabic 13-2. Fusibility Scale of Enercils 


No. 

Mineral 

T u'lbilit) 

Temperature, ’C 

1 

Stibnite 

Fuses sir) cjwly in candle flame 


“ 

Clwlcopyrite 

A small fragment fmes easily in bunsen- 
burnir flame 


3 

Almanditc 

Infusible in btinsen- burner flame, fuses 
c.i'ilv in blowpipe fl uni 

1050 


Actinolite 

A sharp-pointed splinter fuses easily with 
blowpipe. 

1200 


OrthocUsc 

The edges of fragments arc rounded with 
difficulty in a blowpipe flame 

1300 


Broiwitc 

Only the thinnest edges of splinters arc 
rounded with blowpipe 

1400 

7 

Quartz 

Infusible in blowpipe flune 

1710 


cylinder of water ami read tire level of the water before and after, >n 
cubic centimeters. The difference will represent the volume of the min- 
eral. Since X cubic centimeter of water weighs 1 gram, calculate the 
weight of the water displaced Then divide the weight of the object by 
the weight of the equal bulk of water to obtain its specific gravity. 

weight of object 

Sped ic gradt) - ^ eigfit of equal volume of water 

2. If your students have studied Archimedes’ principle, then they know 
that the weight of water the mineral displaces is the same as its loss of 
weight in water. Therefore 

weight of object r ^ 

Specific genii, = in water ' * 

Weigh the mineral in and out of water. Find its loss of weight and finally 
its specific gravity. 

Although tite specific gravity of sumo minerals may vary as much as 
25 per cent from specimen to specimen, Table 13-3 should prove helpful. 

13-0. Soil: Our Most Important “Rock” 

This might be a time to review the fact that soil originates from rocks 
(Sec. 7-2). It is actually the best known and most complex “rock” there is 
What other material factors contribute to soil making? 

If there is a road cut nearby, perhaps your students can get samples ot 
the bedrock with hammer and cold chisel. They might then try to identify 
this rock by means of the various tests described in this chapter. The 
chemical composition of the residual soil depends largely on the rock 
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Table 13-3. 
Mineral 

Borax 

Sulfur 

Halite 

Gypsum 

Serpentine 

Orthoclase 

Kaolinite 

Quartz 

Calcite 

Talc 
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Minerals Arranged According to Increasing Specific Gravity 

*** 

5.02 
5.18 
5.68 
5.9 
7.4 
8.1 


Specific 

grouty 


Mineral gravity 


1.7 

Wollastonite 

2.8 

2.05 

Aragonite 

2.9-1 

2.16 

Magnesite 

3.0 

2.32 

Apatite 

3.15 

2.50-2.65 

Topaz 

3.4 

2.56 

Garnet 

3.5 

2.6 

Azurite 

3.77 

2.65 

Spinel 

3.6-4. 1 

2.71 

Corundum 

4.02 

2.75 

Chalcopyrite 

4.1 


Mineral 

Pyrite 

Magnetite 

Zincite 

Scheclite 

Galena 

Cinncbar 

Copper 

Silver 

Cold 

Platinum 


I0J5 

15-19 

14-19 


from which it comes. Students might see whether they can identify 
soil tests (Sec. 7-11) chemicals from the parent rock. 


IDENTIFYING METALLIC MINERALS 
13-7. Treatment with Acids 

A few minerals effervesce when dilute hydrochloric acid is a PP * 
and this makes a useful test (Sec. 7-11). Limestone effervesce 5 b 
ously whereas a sample of dolomite effervesces slowly in co a ■ ^ 
the acid is heated, however, or the mineral powdered, a vigorous - ^ 

takes place. Your students may want to identify the gas by P 3551 ”® , 

through limewater and obtaining the characteristic milkiness impa 
by carbon dioxide. Students can also check the difference between 
stone and dolomite by identifying the calcium in the limestone. ^ 
Some minerals will form colored solutions when treated wit ni 
acid. For example, put some crushed rock specimens containing ^PP^ 
into a large Pyrex test tube. To this add nitric acid. Does the so U - j. 
turn blue, indicating copper? Also test crushed rock samples tha ^ 
copper, so that students may see the results when this specific me ^ 
absent from rock. Textbooks in mineralogy', metallurgy, or geolog) 
scribe many tests of this sort. 

13-8. Blowpipe Tests 

Students may learn to use a blowpipe with a candle, an alcohol l airi P’ 
or a gas flame. First have them become familiar with an oxidizing » a ^ 
(Fig. 13-6a), in which the oxygen is supplied by the oxidized g aS ^,. 
well as the air blown into the flame. Then study a reducing flame ( 
13-6b), in which hot unbumed gases withdraw oxygen from the spec 1 
men. 

A small hollow is made near the end of a charcoal block and the p° 
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Fig. 33-7. Heating an ore on charcoal with a r educing flame. 


tiered specimen set in the cavity. Then the blowpipe flame is directed 
on the specimen, which is lira ted until changes become visible (Fig. 
13-7). These changes may Include a fine, colored coating or sublimate, 
a bead of the metal, or characteristic fumes. Students may be referred 
to textbooks in mineralogy or metallurgy hr identifying the behavior of 
various minerals. 

13-9. Bead Tests 

Students may heat a bit of powdered borax in a small loop of platinum 
wire until a glassy bead is formed. The hot borax (called a flux) is 
touched to a trace of the powdered mineral and the bead is then heated 
in an oxidizing flame. The experiment is repeated, but this time a reduc- 
ing flame is used. In each case, the color of the bead is noted, when hot 
and when cold. Students may refer to Table 33-4 for identification of the 
metal. 


Table 13-1. Bead Test Colors of Certain Metals 



Osidiring flame 

Jtcdudng Came 

Metal 

Hot 

Cold 

Hot 

Cold 

Antimony 

Yellow 

Colorless 

Yellow 

Colorless 


Yellow 

Green 

Creen 

Green 



Blue 

Blue 

Blue 



Blue 

Colorless 

Brown 



Green 

Green 

Green 


Violet -brown 

Violet 

Colorless 

Colorless 


Yellow 

Colorless 

Brown 

Brown 


Violet 

Brow n 

Colorless-gray 

Colorless-gray 



Colorless-white 

Yellowish-gray 

Yellow 


Yellow 

Colorless 

Yellow 

Brown 


Yellow 

Yellowish-brown 

Creen 

Creen 

Vanadium 

Yellow 

Green 

Brown 

Green 


source! After At. Zun, Blowpipe Analyst* and Tests for Common Minerals, 1935. 
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13-10. Tube Tests , 

These tests consist in heating powdered minerals °P“ p 0r , ioI1 
tubes to see what sublimates are deposited m the “PP ar - J tIlbc 

ol the tube, and what fumes and odors are given off. A Pyres test 
with just enough powdered mineral to cover the bottom mabes Jj . 
loseitbe. It S is held, by means of a test tube clamp, at a low angle » 

a bunsen flame (Fig. 13-Sa). Kpnt. is 

A piece of glass tubing, about 6 inches long, either s >™S ,^ ch 

suitable for the open tube. Tlie powdered mineral, placed abou 



(glass tubing). 


from the lower end, is heated as in Fig. 13-8b. The mineral is on ^ 
by the air passing over it Students may observe the sublimates rormiu„ 
at the cool end of the tube. 

13-11. Flame Tests and Spectra 

No part of a chemistry course is more fascinating than work with fl alD 
tests and spectra. The flame coloration of metallic ions as well as the 
bait glass detection of potassium can be accomplished with a rninl '^^ in 
of equipment If, in addition, you have a small, direct-vision 5 P ect ^ 
scope, it may be shared and the laboratory' work so staggered that a^ 
your students will have some experience with this instrument (Sec. *' 
footnote 3). . 

Flame Coloration. Place on clean watch glasses the chlorides 
trates or carbonates may be used as substitutes ) of the following meta 
elements: (a) sodium, (b) potassium, (c) lithium, ( d ) calcium, 
strontium, and (/) barium. Moisten each salt with dilute hydrochlon 
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* P l!,,inum ™ V <1'PI»"S it alternately to dilute 1,,<W 
clilonc acid (in a test tube a, Ash) and the Wen flame until it’nm- 
duces no flame coloration Tlicn. beginning will, sodium el, loride ob- 
tain in turn the flame coloration of each of the salts as listed. To do this 
dip the platinum wire in the moistened salt and hold it in the front nine 
of the lowest part of the flame. Be mire to clean tile wire carefully each 
tune before starting with the next salt. 

Spectra. Mount a direct-vision spectroscope in a burette clamp on a 
ring stand in a dark room or in any dark part of the laboratory. Direct 
the spectroscope toward the upper half of the blue flame of a bimsen 
burner, and have students observe and explain what they see. Students 
may produce, in turn, the flame coloration of each of the six metallic 



elements used above and observe the lines or bands of color that con- 
stitute its spectrum. They may then compare the spectrum in each case 
with that of the same element found in a textbook or wall chart. Sketches 
of the spectra may be made in color. If your students have taken a course 
in physics, they may interpret the flame coloration in each case with the 
aid of the spectrum of the particular element. 

Detection of Potassium with Cobalt Glass. Students may observe the 
flame coloration of each of the above elements tlirough two layers of 
cobalt glass (Fig. 13-9). They will note how the potassium flame thus 
observed appears bright lavender, while the other flames are practically 
blocked out. Students may learn to recognize potassium by this method 
even when it is mixed with other of the elements. Ask them to interpret 
the results thus obtained with the cobalt glass, using the spectrum of 
potassium obtained from a chart. (The small, direct-vision spectroscope 
seldom reveals the bluish-violet hue in the potassium spectrum.) 

Detection of Elements in an Unknown Mixture. Give each student or 
a student team two “unknowns" composed of a mixture of several dif- 
ferent salts. Taking the unknowns one at a time and using all the above 
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procedures, ask your students to determine which of the above 
tallic elements arc present in the mixture. Ash them to rep 

'"tIic detection of elements in an unknown mixture is particular 1 )' in- 
teresting and challenging to students. In one school, three diilere 
known mixtures are made up and small samples given to indi 
dents in specimen tubes with a code number on a gummed labe 
to each tube. This experiment is followed by another containing u ^ 
mixtures with both positive and negative ions (Sec. 7-11), as " 
certain carbohydrates (Sec. 8-14) and sulfur. This gives stu en 
experience in simple qualitative analysis. 


SOME NONMETALLIC MINERALS 
13-12. Sulfur 

Sulfur is one of the most important substances we get from the e ^ 
because it is the raw material needed in the manufacture of sulfuric aa > 
often called the “king of chemicals." Sulfuric acid is used in one " a > 
another in hundreds of industrial processes. 

Your students may know that we are fortunate in 
sulfur deposits in Louisiana and Texas. How this sulfu 
Frasch process and how it is converted to sulfuric acid 
in Sec. 14-13. 

13-13. Borax 

Borax, or sodium tetraborate, once hauled from Death Valley, 
fomia, by twenty-mule teams, comes mostly from brines and dr) & ^ 
beds where ground water has concentrated it. Students might bring 1 
samples of borax and boric acid. 

Borax, used in making glass and enamels and in chemical Industrie*' 
has suddenly found new use, in the form of boranes, as high-cncrg) 
for modem jet aircraft. . . . 

Borax is just one illustration of how an old resource may ovemig* 
become a new and more valuable resource. 

13-14. Common Salt 

Common salt, or sodium chloride, has been an important resource stn<« 
prehistoric days. Elicit from your students that its chief uses arc 0 
nutrition and industry (Sec. 5-14). 

All salt deposits arc believed to have come originally from the 
(Sec. 13*2). Students might make a solution of rock salt and evapor 3 


having enormous 

r is mined by 
are demonstrated 
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it in the sun or over a fiame. Might this notion account for salt deposits 
from dried -up seas? 1 

13-15. Fossil Fuels 

Coal. Can students justify the statement that coal is the fuel that 
made the industrial revolution possible? 

Coal, formed from the altered remains of plants by a slow series of 
changes, is classified by moisture content, volatile matter, fixed carbon, 
and ash (Sec. 15-8). Students might learn the difference between lignite! 
bituminous, and anthracite coals. Can samples of each be procured? 

Where is coal found in America (Fig. 13-10a)? Where else in the 
world? The world's reserves of coal are estimated roughly at 7 trillion 
tons, with over half of the total reserve in America. Is it at present prac- 
ticable to mine all these coal deposits? What is a critical factor? 

Petroleum. How petroleum is believed to have been formed might be 
shown through the film Prospecting for Petroleum (Shell Oil Company, 
with distribution centers in San Francisco, Houston, Chicago, and New 
York). 

Petroleum is an example of a resource that was not a resource at all 
until a century ago. Can students explain this statement? 

Where petroleum lias been found in the United States is shown in 
Fig. 13-100. How petroleum is mined and purified and what the situation 
is in regard to reserves is discussed in detail in Chapter 15. 

Before the invention of the automobile, what was the most valuable 
product of petroleum distillation? What is that product now? What are 
the uses of petroleum aside from fuel production? Here is another illus- 
tration of the changing value of a resource as new uses develop. 

Oil Shale. Although deposits of these oil-bearing rocks occur in Colo- 
rado, Utah, and Wyoming, they cannot at present compete with our rich 
oil “pools.” 

A student might report on the experimental plant for producing oil 
from oil shale that was in operation during World War II. 

Here is an example of a resource held in reserve, ready to be used in 
time of emergency. 

Natural Gas. This gas is often found along with petroleum (Fig, 
13-10c). A mixture of tile lighter chemicals found In petroleum, its chief . 
constituent is methane (Sec. 15-10). Another resource, helium, is some- 
times found with natural gas. For ivhat is helium important? Aside from 
tile use of natural gas as a gaseous fuel and sometimes as a liquefied one, 
natural gas gasoline is an important byproduct. Students might note 
that here is still another source of the presently all-important automotive 
engine fuel. 
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Fig. 13-10. Major fossil fuel fields of the United States. (h) OjI. {From U.S. Bureau of Mines.) 
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CONSTRUCTION MATERIALS 

Sand, gravel, clays, cements, and building stones are resources with 
enormous over-all value because of tlie amounts used for roads, bridges 
and buildings. ® 

13-16. Sand, Gravel, Crushed Rock 

With what kind of sand are your students familiar — ocean and beach 
sand, glacial sand, river sand and gravel? Of what are sands made? Stu- 
dents might perform various of the physical and chemical tests described 
in this chapter on the sand, gravel, and crushed rock .•nailable in the 
vicinity. They may want to try making mortar or cement (Sec. 14-14) if 
the proper materials are available. 

13-17. Clay 

Clay used by primitive man for his pottery is still essential in many 
industries. Yotir students may know that its most important use is for 
ceramics of various kinds— from chinaware, to bricks, to drilling mud. 

Most if not all of your students will be familiar with the properties of 
clay, slipper}'’ when moist and cohesive when dry. An exhibit of prod- 
ucts using clay as a base might be collected and displayed by a student 
group. 


13-18. Building Stones 


Your students may be aware that stones and rocks are the oldest build- 
ing materials known and that they are still much used in modern con- 
struction because of their strength and durability. An exhibit of the 
various kinds of building stones might be displayed by students. 

The durability of a particular kind of stone depends on its chemical 
composition, physical structure, the ease with which it absorbs water, 
and the kind of atmospheric conditions to which it is exposed. 

Effect of Absorbed Water. Recall with your students that absorbed 
water affects the endurance of rocks or stones because it freezes during 
cold weather, causing an expansion which weakens and crumbles the 


rock (Sec. 7-2). 

The Band test is an interesting way to show the effect of frost on rocks. 
Into a boiling concentrated solution of sodium sulfate or Glauber s salt, 
immerse weighed small pieces of rock. Then bang them up to dry for 3 
days. As the water evaporates, crystals of the salt are left in ‘he pores o 
the rock, forcing small bits or sometimes larger sections f° df0 P , \ 
the rocks are weighed after this treatment, the loss of weightjviii siou 
the amount of disintegration, which is the same as k aormaW) • 
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by frost In general, the greater the loss of weight, the poorer the quality 
of the stone. 

Effect of Acid. Students may pour dilute acid on various kinds of stone 
and note the action: an intense evolution of carbon dioxide will be given 
off if there is a large percentage of carbonate rocks in the sample (Sec. 
7-11). Outdoors, if water contains dissolved acids, it will bring about 
rapid decomposition of limestones and marbles. 

Effect of Smoke. The atmosphere of a large city with much smoke will 
contain enough sulfuric acid to affect the endurance of limestone or 
marble. The ability of a particular kind of stone to withstand the effects 
of a smoky atmosphere can be tested by soaking a sample for several days 
in a 1 per cent solution of sulfuric acid. If the stone contains materials 
likely to be affected by the gases of the atmosphere, the solution will 
become cloudy. Here is an opportunity to stress one of the damages 
caused by polluted air (Sec. 12-5). 

In concluding this phase of the study of our mineral resources, you 
may wish to emphasize that the important minerals and construction 
materials of tomorrow may not necessarily be the ones in use today. 
Scientists may leam, for instance, how to utilize common, abundant 
rocks in place of minerals in short supply. In the meantime it behooves 
us, in the words of Dr. Thomas Nolan, Director of the U.S. Geological 
Survey, to "use wisely our presently used resources.” 



14 

Our Mineral Resources.- 
Processing and Using them 


In this chapter we deal with the way man converts minerals to Ins own 
uses. Included are the wresting of a metal from its ore and the making 
of alloys for special properties and purposes. The story of iron and steel 
has been chosen because of the importance of these substances to almost 
every phase of modem life. 

Corrosion, one of the chief ways in which metals are wasted and made 
useless, is given special attention. This is followed by consideration of 
the methods by which scientists have learned and arc still learning to 
protect metals. This kind of prolonged usefulness is illustrative of a sig- 
nificant conservation measure. 

A few nonferrous metals and selected nonmetalhc products, important 
in today’s technology, have been chosen for study. Finally, a section is 
devoted to substitution products with their increasingly important role 
in todays economy and in the conservation outlook. 

FROM ORE TO METAL 
14-1. Whatever the Minerals 

Whatever the minerals your class is studying, you may want to empha- 
size these phases of (heir technology and the resource problems pre- 
sented; 

1. Abundance of the mineral and where it is found 

2. IIow it is mined and processed 

3. What its most important uses are 

4. How the product is protected against weathering and corrosion 

5 . How the supply may be renewed by the recovery of scrap 


303 



MATTER AND ENERGY 


304 

6. How more abundant materials may be substituted for dwindling 
supplies 

7. How research is improving technology— by more efficient and newer 
methods, by use of low-grade ores, by recycling, and by finding use for 
waste products 

14-2. Mining an Ore 

If your school is near a mine, then a field trip will be the most vivid 
way of learning how ores arc removed from the earth. Strip and open- 
pit mining present special problems, as will be evidenced by devastated 
countrysides (Fig. 14-1). A visit to a shaft mine can sometimes be ar- 
ranged if proper precautions are taken. 

How efficient arc mining operations? How safe arc they? Arc the ores 
being mined still rich or are they low-grade? Has mechanization taken 
the place of other methods? 

If you cannot visit a mine then you might want to show the mining 



Fig. 14-1, The once-green valley of an anthracite town now bears cashes and 
scars of stnp mines and culm heaps. ( Picture taken on a field trip to the 
town of Dupont, Pa , btj Fieldston School students and teachers.) 
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process in a film life Lead from Mine to Metal (U.S. Bureau of Mines- 
each state has its own distribution center for these films). 

14-0. Metallurgy 

Preliminary Treatment. Ores, particularly low-grade ones, are fount! 
mixed with rock anti earthy material called gangue, siliich is of no value, 
it is usually economical to concentrate the ore before it is shipped to 
the smelters where the metal is extracted. One method of concentrating 
the ore is called the flotation process. ^ 

A pinch of red lead in 100 milliliters of water may be shaken in a 
123-milliliter flask that has been stoppered. When the mixture has been 
standing for about half a minute, pour the suspension of fine particles 
into a 100-milliliter cylinder. To this add about 2 teaspoons of sand and 
2 milliliters of oil, then stopper the cylinder and shake it. Students may 
note that much of the red lead has been adsorbed on the oil and is float- 
ing to the top of the cylinder. 

Students might bring to class reports on the sintering and pelletizing 
of ores to prevent waste and to increase efficiency in handling. How im- 
portant arc these treatments as conservation measures? 

Extracting the Metal. There are three important methods of extracting 
a metal from its ore. These are illustrated as follows: 

Reducing a Metallic Oxide. To show the reducing action of carbon, 
students might try this experiment. Make a small hole in a charcoal block 
about 1 centimeter in diameter and 1 centimeter deep. Fill the hole with 
lead oxide, PbO, and moisten the oxide with a drop of water. Heat the 
oxide with a blowpipe (Fig. J3-7) until a small globule of metallic lead 
is formed. 

Or mix loosely together in a mortar 4 grams of red lead, Pb(0<, will) 

1 gram of pon dered wood charcoal, stirring the two powders briefly to 
secure a rough, streak}’ mixture. Put the mixture into an old crucible and 
heat strongly with the cover off for 15 minutes in the hottest part of a 
bunsen flame. Cool, and empty the contents of the crucible into an evapo- 
rating dish. Swirl the dish and its contents under the running water of 
a faucet so as to wash the lighter charcoal particles away from the 
heavier metal particles, as in placer mining. How has the metal l>cen 
produced? 

To illustrate the use of aluminum in the reduction of metallic oxides, 
this makes a striking demonstration: Protect the bottom of an iron pan 
with a piece of asbestos. Cover tins with fine sand, building up the sand 
around the sides. Into this sand dish put 10 grams of thermit. FcjO, + Ah 
Make a little depression in the top of this pile of thermit and put mto 
it 1 gram of "ignition" powder, Na-Oj + Al or DaOj + Mg. Into the 



MATTER AND ENERGY 


30G 

ignition powder stick a strip of magnesium ribbon (Fig. 14-2). Place the 
dish and contents on six layers of asbestos in a hood or other safe place. 
Use caution throughout this experiment. Light the magnesium with a 
match or bunsen flame. Stand back, as the action is violent. Students 



Fig. 14-2. Aluminum as a reducing agent: the thermit reaction. 

may explain the use of the substance for igniting the thermit. Ask stu- 
dents to examine the slag and steel button, using a magnet to identify 
the steel. 

This experiment shows what a powerful reducing agent aluminum is. 
The reaction produces a temperature so high that liquid iron forms. Have 
your students ascertain that this re- 
action is useful in welding rails, 
shafts, etc. 

The same reaction enters into the 
preparation of manganese, titanium, 
tungsten, molybdenum, chromium, 
and uranium from their oxides. When 
a mixture of powdered aluminum and 
the oxide is ignited the free metal 
is produced. 

floasfing and Reduction. Put a lit- 
tle lead sulfide in a porcelain crucible 
anti mount it on a pipestem triangle. 
Heat the crucible as hot as possible 
for a few minutes. Ask students to 
smell the evolving gas cautiously. 
Can they identify it? Students may 
write the equation for the roasting 
process. It might be interesting to re- 
Fig. 14-3. Deposition of copper by duce with charcoal the residue left, 
electrolysis. Electrolysis. Place a solution of 

copper sulfate acidified with dilute 
sulfuric arid in a small glass tank or tumbler. (Various concentrations of 
copper sulfate solution might be tried.) Using a key as the cathode 
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and a strip of copper for the anode, eonncct them both to a source of direct 
current such as two dry cells (F,g. 14-3) or a 110-volt d-c line with a 
co-watt amp in scries. When the current has flowed for about S minutes 
it should be shut off and the electrodes removed from the solution. Rinse 
them and ask your students to examine them carefully, noting the me- 
tallic deposit on the cathode Can they identify the copper? Now your 
class should be ready to discuss boiv the copper got there. The copper 
may be removed from the electrode by reversing the current and making 
the plated electrode the anode. This might lead to a discussion of the 
electrolytic refining of copper 

Purification of Extracted Metals. Your students may want to discuss 
the reasons why metals, when extracted from the ore, need further puri- 
fication in order to Ik? useful. Why, for instance, is pig iron not suitable 
for most purposes? How may pig iron be converted into steel 3 

14-4. Characteristics of Metals’ 

-Metallic Luster, Students may examine freshly polished surfaces of 
various metals like iron and copper and notice their particular luster 
Freshly cut sodium has a luster, too. These metals reflect light from a 
polished surface quite like an ordinary mirror. 

Ductility. Samples of copper or iron wire will illustrate that metals can 
be drawn out into wires. 

Malleability. Students may take a piece of lead shot and flatten it with 
a hammer. Gold, too, is particularly malleable. 

Conductivity. Place an iron rod horizontally on a ring clamped to a 
ring stand, tape a thin sliver of paraffin wax near one end, and heat the 
other end. The experiment might be repeated using a glass rod in place 
of the iron rod. Students will note the difference in the time taken to 
melt the wax. 

Students may set up simple experiments to show that various kinds of 
metallic wires conduct electricity. By using a current-measuring instru- 
ment and wires of the same thickness, they may determine which metals 


arc the best conductors. 

What about nonmetals? Do they conduct electricity? Students might 
experiment to find the answer. 

Hardness. Each metallic sample to be studied may be scratched with a 
sharp knife or the mineral hardness test (Sec. 13-5) applied to determine 
its hardness. , . . 

Ease of Melting. Students might hold each sample in turn, by means 
of a forceps, in the hottest part of a hot flame, perhaps from a Meier 


‘For a pamphlet giving rapid identification or spot testin'; 
alloys, write to the Development and Research Division, The 
Company, Inc,, 67 Wall St., New York. 


of some metals and 
International Nickel 
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burner. Have them look up in the appropriate text or handbook the 
melting points of the various metals. 

Cation Formation. Students will recall the deposition of copper from 
a copper sulfate solution on the cathode of an electrolytic cell (Sec. 14-3). 
Similarly, such metals as chromium, silver, or nickel may be deposited 
from water solutions of their compounds. 

Metals in solutions form positive Ions, or, to express it otherwise, the 
atoms tend to lose electrons, becoming cations. Students might experi- 
ment with various kinds of electroplating. Nickel on copper and copper 
on nickel may be found in Test It Yourself (Sec. 19-2ty). 

Is electroplating ever used in order to cover and protect another metal? 
Students might scratch a tin can and try to expose the iron underneath. 
How rapidly will this iron rust when unprotected? In what way is tin 
plating a conservation measure? 

SELECTED METALS AND ALLOYS 
14J5. The Story of Iron and Steel 

Metallurgy. Some time is spent in most chemistry courses on the 
metallurgy of iron and the manufacture of steel, because of the impor- 
tance of this metal to our industrial economy. 

In studying the blast furnace in the making of pig iron, these might be 
some of the leading questions to stimulate thought: 

1. What ore of iron is used in the process? 

2. What principle is used in the metallurgy? 

3. What is the fuel? The reducing agent? What keeps the '‘blast" 
going? 

4. What other raw material is needed in the operation? 

5. What is its purpose? In what form do all the raw materials that 
enter the furnace leave it? Where do they leave it? 

0. Why is most pig iron further purified? 

7. How is this accomplished? 

You may obtain from United States Steel Corporation, 71 Broadway, 
New York, a list of their free materials, movies, visual aids, and pam- 
phlets on all phases of the industry. An excellent movie to show is The 
Drama of Steel (V.S. Bureau of Mines). 

Our Supply. Have your class learn about the present iron ore situation. 
What is happening to our high-grade deposits? How much ore do we 
import? How is research finding answers to the use of lower-grade ore? 
Have a student report on the story of the development of taconitc ores. 
Have students lcam, too, of the technological improvements that are 
constantly increasing the efficiency of mining and metallurgical proc- 
esses. Why may these be considered conservation measures? 
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What are the other raw materials essential to the metallurgy of iron 
(Fig. 14-4)? Are they in abundant supply? From where do they come? 
What are some of the factors that determine where ironworks and steel 
mills are located? These are a few of the many questions that will bring 
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There are in Pennsylvania anti-stream-pollution laws with which the 
company must comply. The cooling waters go to “settlers”; the waters 
from the rolling mills also go to settlers and are also skimmed to remove 
the oil; water from the tinning process must be chemically treated before 
being allowed to rejoin the river. 

In addition, the company has installed huge “precipitators” (Sec. 12-8), 
to prevent the flue dust of the furnaces from settling on the countryside. 
It is not compelled to do this by Jaw but feels that it is being a “good 
neighbor" to the surrounding farmers and townspeople. U.S. Steel recog- 
nizes that these precipitators are good public relations even though they 
are enormously costly and have not as yet brought the company any ap- 
preciable financial return by way of salvage of the dust (Fig. 14-5). 

The fact that a measure like keeping our air a little purer is thought 
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of in terms of "public relations' is a step forward. When lam- corpora, 
tions are willing to spend their money in this way it means that ibev 
realize that conservation is responsible citizenship 

Another conservation measure of which US Steel is proud /s tin- 
amount of tin plate it is able to keep from the scrap heap by new- elec- 
tronic devices. The electronic eve detects imperfections far more accu- 
rately than the human, and this has cut down considerably on the amount 
of electrolytic tin plate to be discarded 

New Iron from Old. You might begin class discussion with these ques- 
tions: “How many new cars were turned out in our country this year? 
Where does the steel come from to bring all these cars into being?" 

The answer to the second question, students will discover, is a kind 
of paradox. About half of our new steel is old steel. In the manufacture 
of steel in the most modern open-hearth furnaces every ton of new pig 
iron Is matched by a ton of scrap. This means we have to dispose of our 
old cars at a faster and faster rate to provide more and more steel for 
new cars. 

The role of the pink dealer in the salvaging of scrap Is becoming an 
increasingly important one. Magazine articles have appeared (The A 'nr 
Yorlccr of December 10, 1955, for example) describing the fantastic op- 
erations involved in reducing old cars to scrap. It is also living discovered 
that slag dumps themselves contain salvageable amounts of iron, what's 
more, the slag, after the iron is removed, can l>e used for fertilizer or 
roadbed filler. 

Conservation is well served by finding uses for formerly useless waste 
products of industry. When these uses include the salvage of any of our 
nonremovable resources, they are particularly valuable. 

Can your students find other examples from industry? 


14-6. Aluminum: A Light Metal 

Some Highlights. When jour chemistry class is studying the metallurgy 
of aluminum there arc several points tlut vou may want to stress to bring 
out the conservation aspects. ... ... 

First of all, aluminum compounds are abundant and widespread. We 
have a jnxxUv supply of bauxite, tbr chief ore of aluminum, in > Alabama. 
Arkansas, ami ses'eroi other stales. Franc.-, Canada, Bntlsh 

and Dutch Guiana, and many other regions have ample supplies of 

|V On'tiic other hand the rapidly increasing ..... of alimrinam foil for 
wrapping foods, for disposable pie plates, etc., is one area in wMrb llierr 
is m nt.Lpt wlu, sorer a, sahige-pmhaMr hocar.se f. »s» 
sarv and too costly at this time. . . 

Since die metallurgy of aluminum is an electro!; tic process, a discs- 
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sion of electrical power sources (Sec. 15-6) might be appropriate. The 
aluminum industry is one of the largest consumers of electricity, and ex- 
traction plants are usually located near a source of current from water 
power. 

Another interesting topic is the increasing use of aluminum and its 
alloys. Airplanes, for instance, are about 90 per cent aluminum. Iron and 
steel are beginning to be replaced in home construction and in railroad 
trains by this light, strong metal and its alloys. These are examples of 
“substitution" and they may be multiplied as the years go on. 

Your class might find it useful to see the movie This Js Aluminum 
(U.S. Bureau of Mines). 

Some Properties of Aluminum. Students may secure strips of aluminum 
metal that have been cut from an old aluminum pan. With tongs, they 
may hold a strip of the metal in a bunsen flame and note that it melts 
rather easily. Why should aluminum pans never be allowed to boil 
dry on the stove? 

As a demonstration, add a strip of aluminum to a beaker that is half 
full of hot sodium hydroxide solution. Note the reaction that occurs. 
Sodium hydroxide and other strong alkalies attack aluminum. Why 
should one not use caustic cleaning powders to scour aluminum pans? 

Why is it not a good idea to cook “acid” substances like tomatoes or 
certain fruits in an aluminum pan? Students might try the action of 
aluminum on acid. 

Ask students to devise and set up an experiment to show any dif- 
ference in the corrosive properties of aluminum, magnesium, and iron. 
The metals should be allowed to stand for several days in various liquids 
such as salt water, vinegar, and plain water. 

14-7. Newer Metals and Devices 

Titanium, just a few years ago, this metal was a paint pigment, 
nothing to get excited about. Why all this sudden fuss over it? Titanium 
has properties that make it unusually useful in a variety of ways. Ask 
students to bring in a report on its properties. (It is twice as strong 
as aluminum and 40 per cent lighter than steel. It resists corrosion and 
offers a fantastically high melting point, well over 3,000°F. These proper- 
ties, of course, are responsible for its increasing usefulness. ) 

The story of titanium is an excellent illustration of the development 
of new resources to meet new needs. Even old needs may be better 
served by the newer substances. One of the interesting things about the 
resource picture is that it is never static but constantly shifting as our 
needs and technologs - advance. 

Some of your students might be interested in telling the story of 
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otlier of the newer industrial metals— zirconium or germanium, for ex- 
ample. 

Semiconductors. Your students, now familiar with some of the im- 
portant properties of metals and nonmetals, know that in general the 
metals conduct electricity whereas the nonmetals are nonconductors 
(Sec. 1-1-4). Between these he a class of materials known as semicon- 
ductors, typical examples of which are germanium, silicon, lead sulfide, 
and silicon carbide. These semiconductors are becoming increasingly 
important both in research and in industrial application. 

If an old crystal rectifier is available, it might be shown to the class 
and its operation demonstrated. In recent years there has been a revival 
of interest in crystal rectifiers, semiconductors used in the early days 
of the wireless anti later abandoned for radio tubes. Tliis interest was 
stimulated because of the necessity of microwave detection for radar 
applications. 

The Transistor. It was from a research program directed toward a 
fundamental understanding of semiconduction that the transistor 
emerged. These tiny metal junctions are revolutionizing the electronics 
industry. You might want to have your students bring to class a report 
on transistors and their application in wrist-watch radios, hearing aids 
and pocket radiotelephones, etc. One exciting development is a diffusion 
transistor, which will permit 2,500 telephone conversations over one 
wire at once. 

The story of semiconductors illustrates strikingly how research di- 
rected toward the solving of one problem often opens up new vistas in 
another field. As far as resources are concerned, it generally means that 
some little-used substance may suddenly become important. Wise re- 
source use will always need to take into account these demands for new 
materials to meet the needs of a developing technology. 

A student might report on the ‘'supertransistor," called spacistor, 
which may well revolutionize present electronics devices and techniques, 
much as transistors did vacuum tubes a few years ago. 

Superconducting Metals. Scientists have known for 50 years that at 
temperatures near absolute zero many metals are superconducting, offer- 
ing apparently no resistance to the passage of electric current. A stu- 
dent might bring in a report on superconductivity. 

The Cryotron. Man's first practical use of this property is the cryotron, 
far smaller and even more revolutionary than the transistor (Fig. 14-6). 
The cryotron was first used in the giant "brain" machine built by 
scientists at Arthur D. Little, Inc., Cambridge, Massachusetts, lour 
students may want to bring in articles and news clippings about this 
amazing device, which operates only at temperatures close to absolute 
zero. 




Fig. 14-G. Relative sizes of vacuum tube, transistor, and cryotron. (Science 
Service.) 


14-8. Alloys 

Need for Alloys. The needs of modem industry necessitate the pro- 
duction of metals with very special properties, thus the preparation o 
alloys has become one of the most important branches of metallurg)- 
In addition to the alloys known to the ancients, bronze and brass, there 
are now over 5,000 metals and alloys of different compositions, eac 
having special properties. Your students might make a collection of the 
most common alloys used around their homes or a few of the alloys used 
industrially. 

Earth satellites, space vehicles, and long-range missiles have made 
necessary new metal alloy combinations once considered impossible. 
Students might for illustration bring in reports of the results of rcsearc > 
on “micromcteorite bombardment,” conducted by the Air Forces Air 
Research and Development Command. This laboratory technique P ro * 
duces new alloys by a method similar to meteorite collisions in outer 
space. 

Alloys arc particularly interesting from the point of view of consenaj 
t»on. The rusting of iron, for instance, is one of the greatest meta 
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wasters. Alloy steels, such as chrome-nickel steels, do not rust. Other 
alloys increase strength or hardness of the product. Can students justify 
the statement that we live in an age of alloys? 

Making the Altov, Solder. Solder is a familiar alloy, which is used to 
fasten certain metallic wires together This can be demonstrated as fol- 
lows: Place thin sheets of lead and tin (about an inch square) in a 
heavy porcelain dish on a ring stand. As the metals begin to melt from 
the heat of a bunsen burner, stir the mixture u ith an iron wire, a file, 
or the handle of a spoon If the ends of two copper wires arc twisted 
together, dipped into the molten mixture, and allowed to cool, they 
will be so tightly held together by the solder that they cannot be 
untwisted. 

Making n Fusible Alloy, Wood’s Metal. The low melting point of this 
alloy, which is easily prepared in the laboratory, makes it useful [or 
such purposes as plugs in automatic fire-sprinkler systems. 

Heat an iron crucible (belt! by means of a pipestem triangle on the 
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ring of a ring stand) in a bunsen, Fisher or Meker burner (Fig. * 

Into the hot crucible place a mixture of 5 grams of lead and 2.5 , • 
of tin. When these are melted, add 10 grams of bismuth and 25 gra • 
cadmium. Stir the mixture with an iron wire until it is comp 
liquefied. Tilt the moistened cover of a small cardboard box a£ ; . 
the base of the ring stand. Using a forceps, carefully pour the m ' 
alloy into the lower edge of the box cover. To solidify the liquid, . 
a little water on it 

Students may examine the alloy and compare its appearance with 
of the component metals. They might determine its density or sp< 
gravity (Sec. 13-5). Have students drop a piece of the alloy into boil- 
ing water. What happens to it? How does the melting point of the alloy 
(about 60°C) compare with the melting points of its components? In 
general an alloy has a lower melting point than the metals of which it is 
composed. 

CORROSION': A METAL WASTER 
14-9. Corrosion: What Is It? 

Sometimes it is necessary to reverse the processes of nature. Ask your 
students to discuss this statement. Here is an example the)' might use. 
Iron is found in nature in the form of oxide ore. If this ore is put into 
the blast furnace it can be reduced. If the iron thus produced is un- 
protected it will quickly rust, tending to produce iron oxide again. 

The rusting of iron articles represents an enormous waste not only of 
the articles themselves but of all the materials and energy that went 
into their production. Surely this waste should be avoided wherever 
possible. It is for this reason that so much attention is being given to 
the causes and prevention of rusting or corrosion. 

14-10. The Rusting of Iron 

Leave some ordinary iron nails exposed to moist air. Ask students to 
observe their rusting. Or, put a deep scratch in a tin can and ask stu- 
dents to note the rapid corrosion where the tin has been penetrated. 

You might have your students set up experiments to test corrosion 
In both water and air, using various kinds of iron and steel. 

(Experiments show that under water all forms of iron — cast, wrought, 
and steel — rust at the same rate. In air, under identical conditions, 
steel rusts the fastest of the three, cast iron and wrought iron rust much 
more slowly.) Ask your students to read up on the latest theories to 
explain the rusting of iron. Current scientific publications as well as 
textbooks should be used. 

Two-metal Corrosion. Using a cathode of sheet iron, an anode of 
copper, and a weak electrolyte, set up an electrolytic cell and connect 
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iilo it sensitive electrical meter Have students observe the current flow. 
The metah should he allowed to remain in (he liquid and examined 
after some hours. The iron should become pitted with corrosion. 

Two-metal joints arc particularly subject to corrosion, the more active 
metal Ixring the one that is eaten away The explanation, which your 
students may think through, is that in contact with a corroding liquid 
like salt wafer a little electric cell is set up. Iron is the cathode, or fuel 
for the cell. Copper is the anode and is uncorroded. Impure w’atcr is 
the weak electrolyte. Any hj-drogen that tends to accumulate and to 
stop the electrochemical reaction is oxidized to water by oxygen dis- 
solved in the water. Tims the iron pipe rusts. 

A lump of charcoal inay he placed on a piece of moist iron or steel, 
and the quickness of rusting noted. Here again there seems to be an 
electrical process, the carbon acting as anode, the iron as cathode. 

Acid Corrosion. Yoiir students may learn by experiment that aluminum, 
zinc, iron, and tin arc easily attacked by dilute acids, liberating 
hydrogen from the acid. In terms of ions this may be represented as 
follows: 

Fo + 2H + -* Fe ++ + H«t 

Why is this action greatly hastened if oxygen is present? (The oxygen 
changing the hydrogen to water as fast as it forms is here called a 
depolarizer.) 

Passive Iron. Immerse an iron nail in concentrated nitric acid. The 
iron is made unicactiw or passive. It no longer acts chemically like 
ordinary iron but more like lead. 

Ask students to put the treated iron nail in a solution of copper 
sulfate. Passive iron should not replace the copper, though ordinary 
iron will. Iron In the passive state is more resistant to corrosion than 
ordinary iron. The chromate ion helps to preserve this passive con- 
dition. Chlorides destroy the passive state. Students might try this out 
by immersing one strip of passive iron in sodium chromate and another 
in sodium chloride solution and then testing the iron for activity. 

Other Causes. For other causes of corrosion including concentration 
effects, stray current corrosion, poorly made alloys, and certain lubricants, 
your students may be referred to an excellent discussion in Chemistry 
for Our Times by Elbert C. Weaver and Lawrence S. Foster (McGraw- 
Hill Book Company, Inc., New York, 1954). 

14-11. The Protection of Iron from Rusting 
With Paint. Students may coat different samples of iron with paint, 
enamel, and lacquer. Expose them to air and note l,ow they are pro- 
tected from corrosion. 



318 MATTER AND ENERGY 

With a Metallic Coating. Galvanizing Iron. Zinc may be melted in an 
iron dish. Dip the sheet iron that is to be galvanized into dilute hydro- 
chloric acid to remove any coating of oxide. Rinse and dip into the 
molten zinc. Observe the coating of zinc that forms on the iron. 

Tinting Iron. This may be done by immersing an iron nail in a con- 
centrated solution of copper nitrate. A displacement reaction will take 
place, since iron is above copper in the electromotive series. 

Another way is to use an iron cathode (an iron key will serve) in a 
bath of copper sulfate. Turn on the current and electroplate the iron 
(Fig. 14-3). The coating can be removed by making the iron act as the 
anode. Figure 14-8 illustrates a research project aimed to improve electro- 
plating operations. 
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Making an Alloy. Iron may l>o alloyed ,vi«, otlier metals to protect 
rt. Si 1. con alloys and Mamies* steel, ivhid, contains chromium and 
nickel, are alloys of iron anti steel tliat do „ ol t nwish Pros ide students 
mil. samples of ordinary iron and stainless steel and have them try this 
experiment: 

In separate beakers place 100 milliliters of dilute hydrochloric acid 
Place a strip of iron in one beaker and a strip oE stainless steel of about 
tbe same size in the other. Vigorous action with the evolution of hy- 
drogen will take place in the beaker containing the iron. Stainless steel, 
on the other hand, is not affected. 

This technique might be tried instead: On a large piece of stainless 
steel place small wads of cotton soaked in dilute hydrochloric acid, 
vinegar, fruit juice, etc. Do the same on a piece of polished ordinary 
steel. Remove the cotton wads next day and compare the action of the 
fluids on the two pieces of metal. 

Other Ways. You may wash to ask your students to do a little research. 
Can they leam about other ways of protecting iron by tlun surface 
coatings? They might bring in reports on “Russia" iron and "Parkerized" 
iron. 


14-12. Aluminum: Docs It Rust? 

Ask students to take a strip of aluminum and put it in hot water. Is 
there any action? It is common knowledge, of course, that hat water 
does not appreciably attack pots and pans. 

Scratch a piece of aluminum with sandpaper while it is under mercuiy. 
Keep the surface of the aluminum away from air until you add hot 
water above the mercury. Now ask students to notice the action of the 
aluminum with the hot water. There should be vigorous bubbling, with 
tbe liberation of hydrogen. 

Discuss with your class the difference between the results of these 
two experiments, and hax'e them discover that aluminum is protected 
from the corrosive action of the water by a hard, tightly adhering skin, 
a film of aluminum oxide. Your students will leam that even though 
aluminum oxidizes, just as iron, the aluminum oxide forms a protective 
covering and makes unnecessary any additional surface protection. 


SELECTED NONMETALLIC PRODUCTS 
14-13. Industrial Chemicals 

Sulfur. Sulfur is mined by means of tbe Frasch process, an under- 
standing of which involves a review of some important scientific princi- 
ples. 



320 


MATTER AND ENERGY 


Melt some flowers of sulfur in a test tube. Note how quickly and 
easily it melts. What is its melting point? Could boiling water be used 
to melt it? Elicit from students the fact that water at sea level boils at 


100°C. Someone may suggest that water can be made to boil at a 
higher temperature if the pressure is increased (Fig. 5-10). This was 
the way Frasch melted the sulfur below ground. Now students are 
ready to study details of the Frasch process, including finally the role of 
the compressed air in bringing the melted sulfur to the surface. 

Your students might profit from the movie Sulfur (U.S. Bureau of 
Mines). Several might be interested in making a working model of the 
mining of sulfur. 


The Frasch Process: A Working Model. In order to avoid the danger 
accompanying great temperature and pressure, paraffin might be used 
to represent sulfur, dyed to a suitable yellow color by the admixture 
of some strongly colored yellow candles. Oil-soluble dyes of the type 
used in preparing these candles would, if available, serve to color 
ordinary paraffin for this purpose. 

A wide-mouthed bottle D (Fig. 14-9) filled with lumps of yellow 
paraffin represents the underground deposit of sulfur. The lower rubber 
connection is removed from a Liebig condenser of the separable type 
(C). The cork of the wide-mouthed bottle is bored to fit the lower end 
of the condenser water jacket. Both the inner tube and the water jacket 
extend into the bottle. A third tube, to carry compressed air, is then in- 
troduced through the center of the condenser. This tube passes through 
a two-hole rubber stopper at the upper end of the condenser. A delivery 
tube is provided through the second hole of the stopper to conduct the 
materials raised to a second widc-moutbed bottle, representing a storage 
brn. The upper inlet o( the water jacket is connected to a source of 
steam supply, which is, in this case, a copper boiler; the lower outlet 
tube is closed o(f by means of rubber tubing and a screw clamp as shown. 

“ “troduccd into the outermost tube, i.e„ the water jacket, 
of the condensin' and passes into the wide-mouthed bottle through the 
narrow space between the condenser jacket and the inner condenser 
ttT®" k S radua ''.'- and accumulates at the bottom of 
lumtl n “ S ''£. C T t am °“ nl h;ls roe,led - the compressed air is 

L "■ ^ ” y h? done b >’ lowing tl, rough the central tube or 

wntm ai^m ° Tl ^ TT -«*»'- 

bv sTnv of h ? i " 1 " S f lhr ° U S h <hc intermediate tube and passes 
paraffin "\"' C s,ora S e bi ”' F ' bb ><* = dd «l to the 

the effectiveness f ft, ' tU s,eam and 'fill therefore demonstrate 

cmhmtheT r P '?T in ,P Uri '- Vir 'g 'he sulfur and will help to 
I wav TI^” P " r ‘, y ° f tI,C , Sut ’ Stan “ " b “ mined commercial!?- in 
way The apparatus may be cleaned by continuing Ihe passagi of 
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. ' l , l, „ d . es ? able *° ' ,isa!scmblc ' ! >o apparatus immediately after use to 

tz T t «rrr»* (by scndi "s s,Mm <53 1 

ohicct sue lmW ‘1? tlw by iMerlin S !«« cylindrical 

object, such as a large test tube or small bottle, in the molten wav 


Delivery 

tube 



Fig. 14-9. A laboratory model of the Frasch process for mining sulfur. { Cour- 
tesy of Samuel Lcboirtlz, Charles Evans Hughes High School , Hew York 
City.) 

representing the underground deposit. After the war has hardened, re- 
move the bottle by filling it with hot water. 

Making Sulfuric Acid. Sulfuric acid is made by adding water to sulfur 
friatide. This latter substance can be effectively produced in a labo- 
ratory demonstration of the contact process. 

We have found the most successful way to do this to be the method 
illustrated in Fig. 14-10. The hard glass tube C contains a porcelain 
boat filled with flowers of sulfur. This tube is connected to a second 
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Fig. 14-10. A demonstration of the contact process for making sulfuric acid. 

hard glass tube D containing platinized asbestos.- This in turn leads to a 
test tube E, immersed in ice water with added rock salt, as shown. 

To start the demonstration, turn on the oxygen. A, so that a gentle 
stream of the gas, as evidenced by the bubbling at B, enters the ap- 
paratus. The liquid in B is concentrated sulfuric acid to keep the oxygen 
dry yet show the rate of bubbling. Heat the flowers of sulfur in C until 
a purple glow shows that the sulfur is burning. Then heat the platinized 
asbestos in D gently to about 400° C. The smoky, white sulfur trio'dde 
formed may be condensed in test tube E. To the solid sulfur trioxide may 
be added a little water. Elicit from students how die sulfuric acid formed 
may be identified. (Test for an arid and a sulfate.) 

Why is sulfuric acid called the king of chemicals? Can your students 
devise some interesting way of showing its multiple uses? 

Shipping Sulfuric Acid. Tiy the action of strips of iron and lead on 
dilute and concentrated sulfuric acid. 

Now your students will see why sulfuric acid of less than 78 per cent 
concentration must be shipped in glass or lead-lined containers while 
acids of greater than 78 per cent concentration may be shipped in steel 
drums or tank cars. 

The Displacement of One Chemical Process by Another. Sulfuric acid 
was originally made by the lead-chamber process, introduced in Birming- 
ham, England, in 1746. Its use marked the beginning of chemical manu- 
facture on a large scale, as the industrial revolution got under way. 

In recent years this process has gradually been superseded by the 
contact process. The size of the reaction chambers required by the older 
method and the cost of the lead from which they needed to be made 
were two factors partly responsible for the change. In addition, another 

* Moisten asbestos in a solution of cliloro plat ini e acid and ignite it in a 
(Itme. The platinum compound is reduced to metallic platinum. 



PROCESSING AND USING OUR MINERAL RESOURCES g2-3 

disadvantage of the older process is that only dilute sulfuric acid, often 
impure and not more than 78 per cent concentrated, can be made. If 
greater strength acid is required, this dilute acid must be concentrated 
by evaporation and heat, an expensive procedure. The chamber process 
can compete with the contact process only if somewhat dilute acid is 
required, as in the manufacture of phosphate fertilizer or the pickling 
of steel. V 9 

The shifting from one chemical process to another might be discussed 
from the point of view of economics and of conservation. 

Purification of Chemicals by Crystallization. Crystalline chemicals 
need to be purified before they can be used commercially. This is ac- 
complished by means of crystallization and recrystalhzation. 

Students may take some impure potassium nitrate and purify it in the 
following manner: Dissolve it in pure water (see the solubility' curve. 
Fig. 13-2) and then evaporate part of the water. As flic solution becomes 
more concentrated, crystals of potassium nitrate of a rather high degree 
of purity begin to separate from the solution. 

By filtering out these crystals and dissolving them again in pure 
water, students can repeat the process and obtain crystals of a still 
higher degree of purity. Such crystals are said to be recrystallized 
The "mother liquor” left after a crop of crystals has been removed 
may be evaporated still more, thus producing second and even third 
crops of crystals of decreasing purity. 

A more difficult type of experiment might be suggested to students 
Interested in a special project. This consists in purifying a mixture of 
salts by' fractional crystallization. To crystallize in this way one must take 
advantage of the fact that the two substances to be separated must 
differ markedly' in relative solubility in hot and cold water (Fig. M-II). 
For example, potassium chlorate, though far less soluble than copper 
nitrate, is five times more soluble in water at SO°C than at room temper- 
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Fig. 14-11. Sketch to illustrate the solubilities oF copper nitrate and potass, ...» 
chlorate in cold and hot water. 
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ature, whereas the solubility of copper nitrate varies only slightly with 
temperature. 

Add to 50 cubic centimeters of water in a beaker 15 grams each of 
the two salts, and heat with constant stirring until the mixture is all 
dissolved. Using a fluted filter paper, filter the solution rapidly. Evapo- 
rate the filtrate by boiling until white crystals of potassium chlorate 
begin to form, then set it aside to cool. Should a light green precipitate 
appear, it is a basic salt of copper and may be dissolved by adding 
several cubic centimeters of dilute nitric acid to the solution. As soon 
as room temperature has been reached, remove the white crystals from 
the solution by filtering and then wash them with a few cubic centi- 
meters of cold water. When the water has completely drained off, give 
the crystals two more washings. Should the crystals have a bluish tinge 
they may be rcdissolved in a small amount of boiling water and allowed 
to crystallize once more. They should be spread out on the filter paper 
and left to dry for several hours. Finally, they may be weighed. 

14-14. NonmctaUic Building Materials 
Mortar. To make mortar one must mix sand with wet, freshly slaked 
lime. 

To make quicklime, wrap an iron wire around a small chip of marble 
(about 5 millimeters) and hang it in the hottest part of the flame of a 
blast lamp or Mckcr burner (Fig. 14-12). When this is heated as hot 
as possible for 15 to 20 minutes, calcium oxide or quicklime is produced. 

To slake the lime, pour boiling water, a little at a time, on the lump 
of quicklime in an evaporating dish. Care must be taken not to add too 
much water, just enough to be taken up readily by the lump. Students 
may note changes in volume and appearance and evidences of the 
evolution of licat. 

Finally, there should be a smooth, stiff paste. This should prove basic 
when tested with litmus. The paste may now be mixed with a little 
sand and water added if required. 

Concrete. Ask students to mix 1 tablespoon of portland cement with 
about 2 tablespoons of clean sand. Enough water should be added to 
make a stiff paste. Tart of this mixture should be rolled into a ball, 
placed in a wide-mouthed bottle, and corked tightly. The rest should 
t>c poured into a small greased cardljoard box. Each sample of concrete 
should lx* examined after 2 days. 

What advantage has concrete over mortar as a building material? 
Wliat is reinforced concrete? Perhaps your students might make some, 
using a heavy wire mesh, and compare the relative strengths of the 
two kinds of concrete. A student might report on prestressed concrete 
as described in the July, 193S, issue of Scientific American. 
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Glass. “People who live in glass houses’* are what we modem home 
dwellers seem to become as large picture windows and entire sides of 
glass replace walls that were formerly constructed of wood and other 
building materials. 



Students may wonderwhat arc the raw materiuls from which 
is made. Are they abundant? ^ ^ o pfec< , of wire (preterably 

Tlie simplest way f m Heat the wire in a flame, then dip 

platinum) with a small top m Contin „e to heat it m the 

it into some powdered s this inl0 some powdered silic 

flame until a clear bead v> V ,l le hot bea d rata some 
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they might proceed as follows: Have them mix 1 gram of fine, clean 
sand, 1 gram of powdered sodium carbonate, and 2 grams of yellow 
oxide of lead (litharge) thoroughly in a mortar and heat this mixture in 
an old porcelain crucible. As a scum forms, it should be scraped from 
the molten mass with a glass rod. When the material has cooled, the 
glass will form a hard, brittle layer at the bottom of the crucible. If a 
blue-colored glass is desired, a small crystal of cobalt nitrate should be 
added before the heating. The glass will not be transparent because 
the chemicals used are not pure enough to produce clear glass. 

Your students may be interested in a Glass Properties Unit Kit. 3 A 
booklet accompanying the kit describes simple experiments that can be 
performed with the specimens to demonstrate the properties of glass. 

An exliibit of various kinds of glass and their unusual properties 
might be arranged by a committee of students. Each student might 
make a report on a particular type. One student, for instance, might tell 
about the land of glass called Pvroeeram developed at Coming Glass 
Works in Corning, New York. This glass is harder than steel, lighter than 
aluminum, and fifteen times as strong as plate glass. What materials 
might a glass of this character be able to replace? 


A FEW SUBSTITUTION PRODUCTS 

“Scientists are constantly discovering new products to substitute for 
those found in or on the earth.” Can students illustrate this statement? 
Here are a few examples. Concrete saves both wood and steel for bridges 
and buildings. Artificial rubber has made us far less dependent on 
natural supplies. There are hundreds of kinds of plastics with thousands 
of different uses. 

One thing we arc apt to forget is that man-made substitutes are not 
independent of natural resources. They simply utilize other materials 
from the storehouse of nature. Even water, though theoretically un- 
limited in supply, is not unlimited in fact. Thus substitution products 
need to be considered in the total framework of natural resource use, 

14-15. Asbestos and Possible Substitutes 

Ask students to test samples of asbestos fiber, glass wool, rock or 
mineral wool in a flame. Notice that they are all noncombustible. 

As our supply of asbestos from Canada diminishes, here are possible 
substitutes for use as fireproofing and insulating material. Mineral wool, 
when made from blast-furnace slag, is, in addition, an example of the 
utilization of a waste product. 

•Soimoe Srrvu-r. 1710 W St.. N.W.. Washington, D.C. 
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14-16. Plastics 

Several plastics can be made* in the school laboratory. 

Phenol Formaldehyde Plastics. These plastics may he made from 
phenol. -10 per cent formaldehyde solution (formalin), and sodium 
hydroxide. If a colored plastic is ilesiicd. add a little dye just before 
adding the lye. The bottom of a small matchbox in a metal ltd may be 
used as a mold. Tills experiment might best serve as a demonstration 
Place 5 grams of phenol crystals (carbolic acid) m a 50 mi ll iter 
beaker and melt them. Add 8 grams of _ formalin. Heat he r mixture 
until the formalin dissolves in the melted phenol caution. Phenol 
very irritating to skin tissue, exercise care in handling id 

is =«: iir. sssf 

may take several days. o ar „ ms 0 f resorcinol in 

Itesorcinol Formaldchyt c ■ jjjj^ lelker Add 3 4 milliliters of 

L^a\ i !n C and°heat t 'the”beaker^on^nng^stand^unhl^die^soluhon^^boih^ 

potassium hydro® dT'Cmass ^ 

ingredients of those p>ast« “ *£ 1 * dfcrass the values of these substitution 
resorcinol) come. Then the; . . r vic „.. Figure 14-13 traces the 

products from a natural resourws V a ,| ie making of a phenolic resin 
origins of phenol and forma e ly . m 3 t e d-cartoon form may be found 
This and other Hosv diagrams 1 . tj nion Carbide Plastics 

in the pamphlet. The ABC . New York , 

Company, Division of Um might report on the plastic age. 

Other Plasties. Croups °< s >“j“ a[k ^ irect iy from natural sources: 
describing some of the pi ^ [nml mlt on, cheap plastic from 
nitrocellulose and cellulo n ,bber from trees, 

lignin, protein plastic from cas ^ J 1 ' c(ic phst ies, describing and 
Another group might rr P“' dens J" , and polymerization plastics, 
illustrating the two type-, these orts . . 

Exhibits would enhance the w*** ^ le t0 plastic manufacturing 
Testing Plastics. Your student g a t0 various tests: 

companies for samples, which ^ 1 _ ^ (Use cauhon!) 

O. Ca“Jid^sTe be shaped alter being immerset , 
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Fig* 14-13. Man-made substances come from basic natural resources. This 
phenol formaldehyde synthetic comes from what basic resources? Are they 
abundant? 
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3. Does the plastic transmit light? 

4. Can the plastic transmit light with no reflection from the sides of 
the plastic tube? (Lucitc will do this.) 

14-17. Borazon: Harder than a Diamond 

Your students might bring in a report of the new substance made of 
boron and nitrogen, borazon. This substance, as hard as or even harder 
than diamonds, was produced by Dr Robert H. Wentorf of the General 
Electric Laboratory, by duplicating temperature and pressure conditions 
existing several hundred miles under the earths surface 

Your students might discuss what are the implications of such a 
discovery. (Borazon may eventually take the place of industrial diamonds 
for grinding rocks, as in the bottom of oil wells, for grinding steel 
castings as in car cylinders, and for grinding expansion spaces in the 
concrete of modem highways.) 

Dr. Wentorf s work is another illustration of the way research in 
science, designed originally to give man a better understanding of the 
universe, often finds direct and practical application. It may happen 
that by this means an industry becomes revolutionized, or the resource 
outlook for a particular substance becomes drastically changed. 



15 

Our Energy Sources 
Conventional 


Were it not for the energy that man has learned and is still learning 
to harness, civilized existence, as we know it, would disappear. The 
growing realization of our dependence on energy and the ever-increasing 
demand for its use, plus the fact of its unequal distribution among the 
countries of the world, have made it necessary for us to consider the 
wiser use of our sources of energy. 

This chapter is concerned with ways of deriving energy from our 
conventional sources: moving water, coal, petroleum, natural gas. It 
deals also with the conversion of this energy into electricity, a form most 
serviceable to modem mao. 

Our fossil fuels, constituting as they do some of our most important 
nonrenewable resources, are gone when used. This chapter explores 
ways of conserving these dwindling resources by wiser, more efficient 
use. 


ENERGY IN GENERAL 
15-1. Basic Considerations 

You might want to bring to your class for discussion a paragraph 
like the following: 

The history of man on earth can be told in the unfolding picture of 
his harnessing of energy. Coming down to our brief moment in history, 
we find that every man, woman, and child in our country now has 
the equivalent of eighty-four servants working for him 8 hours of every 
day. 

330 



OUR FXERCY SOURCES: CONVENTIONAL ggj 

Modem Man’s Energy Requirements. You might want to include j n 
class discussion our present energy needs for heating, transportation 
industry, and electrical generation. Your students may be interested j n ' 
making a “pie or other type of representation of the percentage of 
our total energy consumption used in each area, or the share of world 
energy that we in the United States utilize. This might eventually lead 
to a discussion of world energy problems. Volume 2, Fuels, Minerals 
}cnrbooh (1955) (Sec. 19-6rf) would be an excellent source of informa- 
tion. 

For students in the upper high school a good summary of the ways 
energy may be harnessed and the status of the world's energy resources 
may ho found in a special issue of the Esso Magazine, entitled "Energy 
and Man’ (Esso Petroleum Company, Ltd., London). Another stimulat- 
ing source of information is The Challenge of Man’s Future (Sec. 19-2/), 
Sources of Energy. You may wish to have your students analyze and 
explain the statement, “The sun is the ultimate source of all our energy.’’ 
Let them trace th$ connection between the sun and our fossil fuels; 
the sun and wind or water power; the sun and the energy in the atom 
(Fig. 15-1). 

What arc the main commercial energy sources used in the world? 
Can your students find out anything about the relative and changing 
rate of the use of these conventional sources in our own country? 

Kinds of Energy. Illustrate and discuss with your students the kinds 
of energy available to us — heat, mechanical, chemical, electrical, radiant. 
This may lead immediately to the problem of changing one kind of 
energy to another. 

Transformations of Energy. There are a number of ways of demonstrat- 
ing to your students some of the transformations of energy. Have your 
students draw also on their own experience, as, for example: 

1. Let them recall examples of heat produced by running, light by 
turning on electricity, motion by burning gasoline in an automobile. 

2. By means of a storage batter}', students may connect in parallel 
an electric fan, an electric light, a eudiometer for electrolysis of water, 
a heating pad. They may note into how many other forms of energy 
the chemical and then electrical energy of the battery is converted. 

3. Strike a large "strike anywhere" match and let it hum. Ask stu- 
dents to trace the energy changes. 

4. Pass strong sunlight through a magnifying glass. At the locus, 
enough light is converted to heat so that a piece of paper may be set on 

You and your students might use the hydrologic cycle (Fig. il-7h) 
in a study in transformation of energy. 
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Can Energy Be Created or Destroyed? Yon may want to discuss 
with your students the fact that for all "ordinary' physical and chemi- 
cal relationships energy can be neither created nor destroyed but simply 
transformed from one kind to another. For the extraordinary world 
within the atom, however, we now know that matter may be converted 
into energy. It is believed, too. by tbe evidence from astronomy, that 
in parts of the universe energy is changing into matter. Our added 
knowledge requires an extension of the familiar laws of conservation of 


matter and conservation of energy to include conservation of matter- 
energy. For all everyday changes, however, the older conception of the 
laws seems adequate. 

How Energy Is Measured: Force, Work, Power. You may now want 
to introduce your students to the concepts of force, work, and power 
and how they are measured. Push a block of wood across the demon- 
stration table. Elicit from students that this is an example of force, the 
push or pull on an object, causing it to move. Students might give 
dozens of examples of force at work in their lives any moment of the day. 

To help students understand the scientific meaning of work (a force 
moving an object a certain distance) have two students of different 
sizes step up on a table. The class might then calculate the work each 
of these students accomplished in getting on the table (weight times 
distance). 

The class may determine the horsepower of these two students in 
this way: Let someone time each of them, preferably with a stop watch, 
while running up a flight of stairs. Knowing the weight of the person W, 
the vertical height of the flight of stairs H, and the time taken in 
seconds T, we have the necessary data for the calculation of the indi- 
vidual’s horsepower. This is expressed by tbe formula 


WIf 

Horsepower = 


(1 hp = 550 ft-lb per sec) 


Men nnd beasts, of course, cannot keep up their greatest sprint of 
horsepower for any but short periods. But engines in our machine age 
can keep on producing horsepower for the world’s work, with one 
proviso: They need fuel, fust as we do. If the fuel supply should run 
out, the engines would cease to work. 


ENERGY FROM WATER 


15-2. Water Pressure 

Water Has Weight. Students may weigh an empty milk bottle and 
then weigh it filled with water. Having found the weight of 1 quart ol 
water (about 2 pounds), they may calculate its density, namely, tbe 
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weight of 1 cubic foot of it. (There are about 31 quarts in a cubic 
foot 1 Water weighs 62.4 pounds per cubic foot. , . 

Water Exerts Pressure. Punch several holes one above the other In 
the side of a gallon can. When the can is filled with water, students 



Fig. 15-2. Experiment to show that water pressure is exerted in all directions. 
The relation of water pressure to depth may also be demonstrated. 

may note that it comes out of the bottom hole with the greatest speed 
and the farthest spurt. (This can also be clone with a stout paper bag.) 

Tie a sheet of rubber, perhaps from a tom balloon, around the bulb 
of a short thistle tube. Fill the bend of a U tube with water and attach 
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one of its ends, by means uf a rubber connection, to the stem of the 
tb'Stie tube. Clamp the 17 lulw to a ring stand and place a yardstick 
directly behind the open end of the U tube (Fig. 15-2). 

On the inside of a battery pr or large pail, make a wax crayon mark 
about 4 inches from the bottom. When the container is filled with water, 
insert the thistle tube until the rublier-covered end is just opposite the 
mark. Ask students to notice that the water in the open end of the TJ 
tube rises. Elicit from them that this is because of the pressure being 
exerted on the rubber. 

Keeping the thistle tube Ie\cl with the mark but turning it sidewise 
and then upward, note that the water level in the U tube remains 
constant. As the thistle tube is slowly withdrawn from the water, die 
pressure goes down. Why? 

Pressure nnd Water Levels. Construct a model like Fig. 15-3« or 15- 
3b or use a commercial vessel with connecting tubes of different shapes. 



M 


Fig. 15-3, Why is the water at the same level in each vessel? (e) Homemade 
apparatus; (b) device that may be used to illustrate the way an artesian well 
works, the Sand being the porous layer and the glass tube the pipe that readies 
ground water. 


Pour water into one of tile receptacles and note that the liquid is at the 
same level in each. Can your students Sgure out why this is so? 

Students may learn by means of these experiments that water pressure 
is exerted equally in all directions at a given depth and that the pres- 
sure increases only with the depth and is independent of the shape of 
the vessel or container. What then are the pressures with which 
engineers need to reckon when constructing a dam to hold water that rs 

to be used for power? , , . 

Calculating Water Pressure. Students may calculate the pressure 
exerted on the bottom of a tank of water S feet lugh and 1 foot square. 
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Volume of water = 5xlxl — o cu ft 
Weight of water = 5 X 62.4 = 312 lb 
The pressure (force per unit area) is therefore 312 pounds per cubic 

foot. . 

Next, students may calculate the pressure exerted on a tank or water 
5 feet high, 4 feet long, and 3 feet wide. 

Total force = 5x4x3'/ 62.4 = 3,<44 lb 

3,744 lb f 

Note that the pressure on 1 square foot is pj ^ — 312 lb per sq it, 

or 5 X 62.4. In other words, the pressure is calculated by multiplying the 
height H by the density D. 

P~ HD 

Comparison of these two problems, one with the other, shows that the 
pressure on the bottom of the tank is dependent, not on the size of the 
tank, but simply on the height of the liquid and its dens it)’. 

Hoover Dam towers 726.4 feet above bedrock (Fig. 15-4). The 
maximum depth of water is 5S9 feet. Your students might calculate the 
water pressure on the bottom. 

P = HD = 5S9 X 6Z4 = about 36,800 lb per sq ft 

This is the force on only 1 square foot} Using the crest dimension of 
the dam, 1,244 feet, and the deplh of water, 5S9 feet, students may go 
on to calculate the approximate area of the surface of Hoover Dam 
subject to water pressure. 

1,244 X 559 = about 730,000 sq ft 

What is the water pressure on the top of the water level? There is, 
of course, no pressure of water on top. 

What is the average water pressure on the face of Hoover Dam? 
36,800 + 0 

^ = 18,400 lb per sq ft 

What the total force on the face of the dam? (It can be shown 
that the total force equals the average pressure times the area.) 

Total force = 18,400 x 730,000 = approximately 13.4 billion lb 

Quite a force with which to reckon! 

Both the pressure and the total force are crucial calculations in the con- 
struction of dams. Your students will now see why the bottom is made 
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much thicker than the top, the greater pressure at the lower depth re- 
quiring more concrete to prevent the dam from bursting. 

The Story of a Dam. A student report on some of the “vital statistics" 
of one of our large dams might be interesting at this point. The Story of 
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pjg, 15-4. Hoover Dam and power plant at Itmiiu 
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U.S. Reclamation Service. 

ttcji UsinC Water’s Energy . 

For hundreds of years men England one can 

water to turn wheels for F 1 ™ 1 ' S , or breast » heels- ToJsy. 
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Water in Motion: An Energy Source. To understand how falling or 
flowing water can be used for power, your students might begin with 
some simple experiments. Ask them to devise ways of showing that 
water in motion can move obstacles in its path, marbles or pebbles, clay 
or soil. 

Students might plan to use an open trough, such as the metal gutter 
along the eaves of a house. Sections may be put together by overlapping 
or with clay. An elbow section would help to show the action of water 
around bends. The degree of slope or grade can be controlled. Marbles, 
shot, or soil might be used. The demonstration table in a science room is 
usually long enough to show the force of the water. 

A Model Water Wheel. A student may be interested in building a 
water wheel as shown in Fig. 15*5. When it is mounted on a shaft, a 
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sbong spray may be directed against the blades with a hose and nozzle. 
Haws your students find out under what conditions of elevation and 
supply die Pelton wheel would be particularly useful. 

The Turbine. Students might bring to class pictures of modern tur- 
bines. Hoiv are turbines mounted? How is the water directed against 
the blades? How is the power transmitted to the electrical generator? 

How Efficient Are Modem Water Wheels? The work done upon a 
water wheel is the product of the weight of water which passes through 
it multiplied by the head of water ( the difference in level between the 
reservoir and the tail race). The efficiency of modem water wheels of 
both types is frequently from 80 to 90 per cent. 

Ask your students to calculate the efficiency of a 5,000-horsepower 
turbine at a falls where the head is 136 feet and each turbine can handle 
22,500 cubic feet of water per minute. If your students live near a place 
where water power is utilized they can obtain data themselves from the 
power company. 

Work done per minute = 22,500 x 62.4 X 136 = 191,000,000 ft-lb 
191 000 000 

In terms of horsepower this is • "^qqq — * or 5,800 hp input. The output 


is 5,000 hp. Therefore, the efficiency is ^ qq > or about 86 per cent. 


From Water to Electricity. Have your students trace the story of the 
development of water power in our country. They will note that early in 
our history, since colonial times, falling or flowing water has been used 
as a source of power. It was not, however, until the commercial use of 
electricity developed around 1SS0 that the power of falling water could 
be used at a distance by electrical transmission from the power site. 

IE your students are ingenious enough they may be able to light an 
electric light by means of their homemade water wheel. To accomplish 
this, they will need to couple the wheel by means of a pulley to a small 
dynamo, which in turn is wired to a flashlight bulb (Fig. 15-5). They will 
require a faucet from which water will flow with great pressure. (If the 
water tank is on top of the building, the pressure wall increase the farther 
down one goes.) To receive the full effect of the water pressure they can 
fit a one-holed stopper into the faucet and insert into the hole a glass tube, 
to which is attached a piece of rubber tubing and then another piece of 
glass tubing, which can steer the flmv of the water directly against the 


wheel paddles. . . . . 

There are, of course, many things that can go wrong with lus experi- 
ment. The light bulb may need to be tested with a battery; the dynamo 
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mav have to be checked. Perhaps the water 

learning experience of all may come through the discovery 

"™Va S ter Power and the Future. Are we using all our available vrater 
power? It is interesting to note that government studies s io« 

Ls than 20 per cent of the potential hydropower of our country ha 

de ote P of the present difficulties is that potential s ounces are 

large centers of population. Someday it may be P™* 1 ® ‘“L^Tat 

callv feasible to transmit electricity over far greater distances tha 

P Water is a unique source of energy; unlike coal, oil, and 8“ 
irreplaceable, water is with us always— at any rate as long 
functions as it does at present. The greater the use of water as asou 
of energy, the less we wall need to dig into our exhaustible fuel resources 
It may, however, come to pass in the foreseeable future that atomic po 
will dwarf all other sources (see Chapter 16). 

15-4. Using the Power of Steam 

Fill a Pyrex test tube one-quarter full of water. Cover the outside o 
a cork stopper with petroleum jelly and insert it into the mou 
test tube. Holding the test tube with the corked end pointed away tr 
you and even-one else, bring the bottom of the tube into the fame or 
bunsen burner. The water boils— and watch out! Steam takes about 
times the space of the water from which it comes. This enormous ex P an 
sion accounts for the fact that steam can move a piston (as in the steam 
engine) or turn a wheel (as in the steam turbine). 

This experiment might also be tried: Punch holes with a nail an 
hammer diagonally across from each other on the two broad surfaces o 
a small pepper can ( y z inch from the bottom and close to the corner 
Put 2 tablespoons of water in the can and close the lid. Suspend 
from the ring of a ring stand by means of a handle made of thread, w ^ 
is taped to each side of the can. The can should balance and swmj, 
freely. The apparatus is now ready for heating. As soon as the water 
begins to boil the can will start to whirl. Elicit from students that e 
force of the steam is responsible for the motion. 

Now your students are ready to study Watt’s steam engine and how * 
works. (They may use a physics textbook as reference.) Why was 
invention so revolutionary? 

A Model Turbine. Students might make a simple steam turbine ( vJg- 
15-6) and operate it. All steam engines apply the fundamental prindp e 
of using the power of moving steam to drive wheels that transfer the 
power to machines through belts, couplings, gears, or some other meth 
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Fig. 15-0. Simple model ot a velocity steam turbine. 


What la needed to produce the steam? Notice that we are right back 
Instead of burning coal to produce high-pressure steam. 


HARNESSING ELECTRICITY 

We push a hutton-a light goes t on. « U go 

work, or a bell rings, or the e eva by t] iat one small motion, 

on and on with the things that . PP alMhese everyday miracles 
How is electricity harnessed to accomplish all 

that we take so much (“graomdr find ^ simpIe evperimen- 

Your students will need, first ot • _ leclr icity, then about mug- 
tation something about static and ^ ^ eIectrici t y . (See any general 
netism and the relationship o gu ^ to an un derstandin a 

science or physics test or workbook.) This 
of the workings of motors and generators. 

15-5. Motors imoortant uses of the 

The Simplest of Alt Motors, 0 motor. Put the north pole 

magnetic effect of clcctric y is ^ tIl e needle is repelled 
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electromagnets will rotate continuously in a magnetic field. 

Making a Toy Motor. Here are directions for making a mo (kg 
15-7) : To make the field magnet use a thick strip of sheet iron. 



be bent to a U shape and nailed to a piece of wood. Around the iron 
wind several hundred turns of magnet wire. (It is important that tie 
windings be in opposite directions on each arm of the U.) To make the 
armature A, cut a nail to serve as a rod and wind about 50 turns of nwg* 
net wire on it. Insert the iron rod halfway into a piece of dowel Stic '• 
For the commutator, attach two metal strips to the dowel rod with a tape 
and mount the dowel so that it will rotate freely. When the model is con* 
nccted as shown it should operate as a motor. 

Your students may find other directions in a number of books on elec- 
tricity. More advanced students will want to go on to study the various 
tvpes of electric motors and how they have been improved. 

Students might count the number of electric motors of one kind or 
another used in their homes. Have them compare the operation of an 
electric motor with that of a gasoline engine. They might picture the 
difficulties of trying to run an electric fan or vacuum cleaner with a 
gasoline motor. 
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15-6. Generators 

Our Dependence on Electric Toner. Can any of your students recall a 
power failure m their community? They might recount what happened or 
what may happen as lights go out, electrically controlled oil burners and 
refrigerators cease to function, radios, TVs, and telephones become silent 

Such a discussion might lead directly to a study of the electric gen- 
erator or dynamo, the machine responsible for converting energy of 
motion into electrical energy. 

The Principle of the Generator. Connect a coi) of insulated copper wire 
to a galvanometer. Thrust a bar magnet in and out of this coil and ask 
your students to watch the needle of the galvanometer move as current 
is induced in the coil. Now, try keeping the magnet stationary and move 
the coil; What are the results? Repeat the experiment, using in turn a 
stronger magnet, a coil with more turns of wire, a more rapid motion. 

These simple experiments, originally performed by Michael Faraday, 
are basic to an understanding of tbe giant generators in our modern 
powerhouses. You may want to go on to study a-c and d-c generators and 
transformers whose invention has made it possible to deliver electrical 
energy several hundred miles from a power station. 

Energy for the Generator. A generator is really an electron pump, with 
the ability to make electrons move through a circuit. Discuss with your 
students that tile source of the electrical energy is the mechanical energy 
of the rotating armature of the generator. Some outside source of energy 
— water power from a dam or heat energy from the burning of a fuel — 
is now commonly used to create tills motion. As our fossil fuels dwindle 
what other sources of energy are we trying to develop? 

More Energy for Peak Loads. Here is an interesting problem in con- 
nection with the variable loads carried by generators. 

Take a small hand generator and ask a student to turn it over rapidly 
while the circuit is open. Then suddenly short-circuit the generator by 
connecting the two terminals with a wire or metal bar. A large amount 
of current now flows in the wire but the generator becomes harder to 
turn. Your students can perliaps figure out that wliat happens is this: 
When the circuit is completed, electrical energy is produced as the coil 
rotates in the magnetic field. The energy for this electricity is suppled 
by the extra work that must be- done to keep turning the coil. Your stu- 
dents will now be ready to study this phenomenon in more detail and to 
reach the generalization expressed in Lenzs law: When an electric cur- 
rent is induced in a conductor cutting through a magnetic field, the direc- 
tion of the induced current is such as to give rise to a new magnetic field 
that opposes the original motion. 
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Electric companies must be mindful of Lcnz’s law. As consumers use 
more electricity the generators tend to slow down, just as did the hand 
generator in the experiment. To keep generators at a uniform speed at 
those times of day when demand is high, it becomes necessary to bum 
more coal and apply greater steam pressure. To get energy, we must 
supply it. 

A Recent Development; The Fuel Cell. Here is material for a student 
report: A new type of electric generator known as the “fuel cell” prom- 
ises to have fairly immediate application in rail traction and may provide 
the means of converting energy into electric power without using a tur- 
bine and generator. The fuel cell, developed In Great Britain by F. T. 
Bacon and his associates at Cambridge University, is found to be more 
efficient than a steam turbine generator. The cost of hydrogen, the pri- 
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mary fuel required, males Us npphcatinn in most instances economically 
unpractical at present. The sell uses hydrogen. oxygen, an aqueous notes. 
slum hydroxide electrolyte, anti Mntercsl nickel electrodes. It produces 
electricity ns a result of the reaction between hydrogen and oxygen under 
pressure. 

Scientists have suggested the combination of photoelectric equipment 
to produce hydrogen by means of solar energy- with a fuel cell of the 
I? aeon type as a feasible future central-station power source. 


15*7. Public versus Private Power 

f-rom whom do We consumer', buy ottr electricity?" This question will 
lead to a gathering of data. 

Many industrial plants generate their own electric current, using 
Steam, diesel, or hydropower. Current is manufactured arid sold by large 
rlectric.il power comp.inies, 55 per cent of the power produced in the 
United States being sold by private companies, the rest by government, 
eitbrr municipal or Federal (Fig. 15-8). An important by-product of the 
flood control program of the Tennessee Valley Authority is abundant, 
Inexpensive electricity, with benefits to large numbers of rural families 
in tlie region. Development of other such projects is a burning issue in 
certain regions, an issue made bitter by politics. Whether the govern- 
ment should be in the power business is a question your students will 
eventually face as voters. Might a discussion of the issues be fruitful in 
your class? 


ENERGY FROM TOSSIL FUELS 
I5.S. Coni 

Coal, of course, is one of our basic fuels. Today more tons of coal are 
mined than any other mineral in the United States. The coal pro- 
duced in this country- each year has a greater dollar value than any other 
single mineral except petroleum. 

A student might report on how' much of om coal is wasted at present. 
(In a modem steam power plant the supply of coal represents two-thirds 
of tfiat whicfl started Irani the mine, one-third being lost in mining and 
transportation. Mud. of tile fuel is also wasted as it bums >n the Bros of 
boilers, and often less Ilian 4 per cent of it is converted to useful work.) 

Although we bole already mined our best and most easily accessible 
reserves of coal, our supply is thought to be adequate for many years to 
come. We must consider, however, that eoal is a nonrenewable resource, 
for we mine what took nature millions of years to create. What we are 
really doing os wo dig it out of the earth is drawing on our capital stock 
of Ihc “fixed" sunshine of bygone ages. 
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You might discuss with your students that research wall bring to light 
new and more efficient ways of utilizing and conserving our coal, all the 
way from the mine to the multitude of places where it is used. As our 
resources of petroleum shrink, we may perhaps come to depend more and 
more on these "black stones” which have locked within them invaluable 
stores of energy. For an excellent booklet on coal, its origin, nature, uses, 
mining, and preparation, write for Facts About Coal (U.S. Bureau of 
Mines). 

A Field Trip to the Coal Mines. If you can establish contact with a 
coal-mining community; if your students can go down into the under- 
ground city’ which is a coal mine; if they can talk with miners, union 
officials, mineowners, then your class may bring back to school a wealth 
of material to be explored in the classroom. 

In science, for instance, models of mining and processing might be 
constructed, a study might be made of the miners lamp, samples of coal 
from the region and from the school’s coal bin might be analyzed, com- 
parative fuel values might be studied. 

In one school, which offered a field trip to the anthracite region of 
Pennsylvania as part of the senior-year experience, community' ties with 
the school became so strong that groups of students and teachers were 
not regarded as “outsiders” but as neighbors who exchanged visits and 
became friends. Students came back to the classroom, not only with new 
human relationships established, but also with some insight into the 
problems which geography, geology', and economics impose on people. 
They learned how a community, too long a one-industry region, was at- 
tempting to pull itself up by the bootstraps. Here is the material of science 
and social studies come alive! 

If a visit to a coal mine is out of the question, perhaps you might wish 
vour students to have the vicarious experience. You may’ obtain a film 
called Modern Coal Mining (Goodyear Tire and Rubber Company, Mod- 
em Talking Picture Service, Akron, Ohio). Another interesting film is 
Powering America's Progress: A Modem Story of Bituminous Coal (V.S. 
Bureau of Mines). 

The Davy Safety Lamp. Turn on the gas in the bunsen burner. Place 
a square of finc-mesh wire gauze on a tripod above the chimney of the 
burner and ignite the gas above the gauze. The flame will bum abox'c 
but not below the sure gauze. The conductivity of the metal prevents 
the temperature below the gauze from reaching the kindling point of the 
gas. If you have a Davy safety lamp, your students may examine it and 
point out the purpose of the gauze. 

A homemade safety lamp may !>e fashioned in this xvav: Roll a 4-inch 
square of copper gauze into a cylinder. Fold a circular piece of gauze, a 
little larger than the diameter of the cylinder over one end of it to make 
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fixed carbon to volatile matter. For anthracite coal this is a much higher 
number (over 10) than for bituminous coal (between 3 and 6). 

Here are details of the steps to be taken in the analysis of a coal sample. 

1. Pulverize the coal in a mortar and grind it to a powder. 

2. Weigh out (to centigrams) about 2 grams of the powdered coal in 
a covered crucible. 

3. Heat the uncovered crucible in a drying oven for about an hour and 
weigh the crucible, contents, and cover again after cooling. The loss of 
weight represents the moisture content of the coal. 

4. Heat the covered crucible until smoke no longer comes off. This 
time, the loss of weight represents volatile matter. 

5. Heat intensely the uncovered crucible, inclined in a clay triangle 
on a ring stand, until all the carbon is burned off. Also bum the carbon 
from the cover. 

6. The loss of weight represents the fixed carbon. The weight of the 
residue is the weight of the ash. 

Coke and By-products of Soft Coal. Students may arrange the appara- 
tus for the destructive distillation of cannel coal as in Fig. 15-10. A is a 
used Pyrex test tube with coarsely ground cannel (soft) coal. B is empty. 
C contains a piece of filter paper wet with lead acetate solution at the 
bottom; strips of moistened red and blue litmus paper are held by a 
rubber stopper at the top. D is filled with water. The test tube A is heated 
until four test tubes of gas have been collected and discarded. A fifth is 
collected and tested with a lighted splint. The illuminating power of the 
flame may be noted. What is the gas called? (coal gas.) 
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The residue in A may be examined What is it? (coke . ) What is it used 
tor? Students may note the color and odor of the liquid in B. What is it? 
(coal tar.) What are its uses* What is the significance of the test in C? 
Has Hie gas any commercial value? 

Coal Tar: From Waste to Resource. You may want to examine this bit 
of history with your students: Prior to World War 1 about 75 per cent 
of the coke in our country was wastefuily produced in beehive ovens. 
All the volatile products either burned or escaped into the air from Hie 
top of the oven. Millions of dollars worth of coal tar. coal gas, and am- 
monia (an impurity in the coal gas) were thus completely wasted. 

During the war there was an increasing demand for these important 
by-products and a realization that we were unnecessarily wasting val- 
uable natural resources. This led to the construction of by-product ovens. 
Now, instead of producing only coke (needed for making pig iron as a 
fuel and a reducing agent), we get coal gas (a valuable gaseous fuel), 
coal tar (with its myriad derivatives), and ammonia (which can be con- 
verted to fertilizer). 

From the point of view of resource use it is interesting to note that 
coal tar was a source of trouble to the early gas makers. They did not 
know what to do with it, since there was not yet a demand for road tar. 
They therefore got rid of it by allowing it to flow into nearby streams. 

It was through chemistry that the problem was solved. One of your 
students might report on Perkins's discovery that dye could be produced 
from coal tar, and how this led to the production of the fantastic number 
of coal-tar derivatives available today. 

Students may note the transformation of coal tar from a waste product 
to one of our truly valuable resources. 

Fertilizer from Coke Ovens. The soluble portions of coal gas, passing 
through water, are dissolved. Tiie chief product of this kind is ammonia, 
which in solution becomes ammonium hydroxide. How can this be made 
into fertilizer? Some student may suggest neutralization (Sec. 7-8) and 
this is what is actually done. The solution is run through sulfuric acid un- 
til ammonium sulfate crystals form. These are washed and whirled dry 
and are sold ns commercial fertilizer, supplying both nitrogen and sulfur 


as plant nutrients, . 

The Coal Situation. Your students’ study of coal might terminate in a 
summary of the situation. Although coal is by far the largest store of 
fossil organic substance, its utilization lags. Scientific and technological 
advances suggest that it may be used in the tame not as » fuel but as a 
chemical raw material. On the other hand, as fossil fuels dwindle and It 
atomic energy remains too expensive, coal may be needed increasing y 
as a fuel. 
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15-9. Petroleum 

Fuel requirements for our modem motors consist of a cheap liquid 
that will vaporize readily and bum violently when mixed with air. 
Petroleum, from which we obtain the motor fuel, gasoline, and fuel oi 
for diesel engines and furnaces, is at present one of our most important 
“energy” resources. It is also the one that is dwindling most rapidly. 

To start this unit, you might want to demonstrate the principle upon 
which the operation of the internal-combustion engine depends, for this 
engine is one of the chief users of petroleum. 

The Principle of the Internal-combustion Engine. Repeat or recall the 
experiment on making a “safe" explosion (Sec. 10-7). This simple demon- 
stration may be used to illustrate the explosion taking place in an internal - 
combustion engine — the can, representing the cylinder; the match, the 
spark plug; the illuminating gas, vaporized gasoline; the explosive mix- 
ture, the mixing of gasoline and air in the carburetor; the lid, the piston. 

Now your students may go on to the study of the detailed workings 
of various types of internal-combustion engines, their advantages and 
disadvantages. (Refer them to a physics textbook.) 

How do we obtain the fuel to keep all these modem engines going? 
Such a question might be the next problem for your class. Perhaps, at 
this point, you might want to show a movie such as The Evolution of the 
Oil Industry or Petroleum and Us Uses (U.S. Bureau of Mines). 

Prospecting for Petroleum. The physical principles involved in detect- 
ing oil by the seismic method are quite within the scope of science classes. 
The reflection of sound is the crowning concept. 

If you are near a place where echoes are possible, try some experi- 
ments. You will discover that you must be at least 20 to 25 yards distant 
from the reflecting surface if the echo is to be distinct from the original 
sound. The greater the distance, the longer the time before the reflected 
wave reaches the ear. It is possible to measure the distance between your- 
self and a cliff or other reflecting surface by the time it takes the echo to 
return to you. 

Now your students are ready “to get a bang" out of understanding the 
principles of the seismic method of prospecting. As the sound of a dyna- 
mite explosion passes down through the earth it is reflected from the 
hard rock dome which covers the oil deposit. The reflection is timed 
and the position of the dome under the earth is estimated. 

A modification of this method, making use of stereophonic tape record- 
ings of the underground echoes from test explosions, has produced even 
clearer information about subsurface rock formations. This method played 
an important part in the discovery of new oil fields in France. 
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Mining Petroleum. Tin stoiy or the mining of petroleum cun b.* teh? 
in a variety of ways 171011' arc mam free pamphlets, filmstrips, r.ml films 
on all phases of the industn available from such comp uric* as Sl.tn.1 ir 1 
Oil Company and Shell Oil Company. 

Thanks to modern technology, great savings in oil-drilling operations 
are now' effected. Jn the early days only abo'l? 25 per rent of the oil rrj 
recovered from a reservoir. Now it is possible, particularly in the abun- 
dant fields, to recover more than SO per cent of the available oil. 

Improved methods enable r»l companies to drill for oil .it a lower 
depth than could previously be reached. The "life" of oil wells can lie 
increased by forcing the natural gas back into die wells, if the oil is with- 
drawn slowly rather than rapidly, oil yields may be increased. These are 
a few of the conservation measures that may be applied at the source. 

Great advances have also been made in the storage of oil, by presum- 
ing its evaporation and deterioration in tanks and pipelines New pro- 
tective systems have minimized fire losses. 

Distillation of Crude Petroleum. Several students might help yon in 
setting up this demonstration experiment: Arrange the apparatus as 
shown in Fig. 15-11. If you do not base or cannot make by glass Mowing 
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a^fractionating column, you may still afelom^ 

though an efficient fracUonating column tv.ll demonstrate m 
the industrial operations involved in petio cum d-stllta™' 

....... . t . flocV A nnd then COH! 


the industrial operations mvotvcu in peuuicu*., — 

Place 100 milliliters of petroleum in flask A and th ™ ““ gaunter 
column B and the Liebig condenser C Use a loO^nn 


tionatin* column b anu uie ^ -jpee 

side-arm Bask D to collect the volatile distillate Connert a long^p^ 
of rubber tubing, reaching almost to the Boor, to the arm of 
vapors far from the flame. (A hot plate would he safer to d 

When about 15 milliliters of distillate have been collected ^ a 
may be tested for unsaturated hydrocarbons. Tins is done by a = 
little dilute potassium permanganate solution to a portion of > 

If unsaturated hydrocarbons arc present, the solution should 

ized To test the volatility of the distillate, moisten a svad of cotton '-J 

a few drops of the liquid and see whether it will ignite in a burner flam. 

More and Better Casolinc. Students might report on methods that n 
succeeded in improving the yield of gasoline-cracUng (lactl 1 Iherm 
and catalytic), polymerization, alkylation, the blending of casing 
gas with other gasolines. 

~ Other students might deal with the synthesis of gasoline from carDon 
monoxide (from coal) and hydrogen bv the Fisclicr-Tropsch process, an 
the manufacture of gasoline from oil shales and from tar sands, tv 
though these methods cannot at present compete with gasoline from oi 
wells’ because of high costs, is it important that they be developed. 

Tile American Petroleum Institute, 50 West 50th St, New fork, as 
manv interesting free booklets, among them The Conservation of Pctro- 

(dim. . I r 

Some Tests for Gasoline. Volatility. Set a watch glass on a beaker o 
boiling water on an electric heater and place on the glass 10 drops o 
gasoline. (Be sure to keep the gasoline away from all flames, for it >s 
hi"hlv flammable.) Notice how long it takes for the gasoline to vaporize 
completely. The experiment might lie repeated with 10 drops of kerosene 
or other fuel oil. 

Vaporizing Temperature. An ordinary side-arm distilling flask (h‘»- 
15-11), with the fractionating column omitted, may be used for this ex- 
periment. The thermometer should have a range of —10 to 360'C. Into 
the flask put 100 milliliters of gasoline and a few glass beads to prevent 
bumping. A hot plate is superior to an open flame for greater safet). 
After the condenser is connected and the heat applied, collect the d* 5 ' 
tillatr in a 100-milliliter graduate. 


tillate in a iwj-mimmn grauuau-. 

Thr«e data tlintild then be recorder!. The temperature at sshich tjK* 
first drop of distillate appears (known as the “initial boiling point ). 

f .. . . > .. v. .i. the 


tint crop o; uisuiuir appears uh-taii as uw nmui j • 

tli** solum*’ of the distillate collected Jt 20 inters als, the volume of the 
* * Mt in the distilling flask 
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It might be interesting for students to plot a graph of the percentage 
of distillate against the temperature range. They might also male a table 
recording the volume of collected distillate from the initial boiling point 
to 100°C. The higher the value, the more efficient the liquid as a low* 
volatile gasoline. , . , . 

Other kinds and grades of gasoline may be tested in this fashion and 
the results compared. t 

Combustion. This is an evpcrimcnt host done as a demonstration Pit 
one drop of gasoline into a warmed widc-mouthcd bottle Cork tl'P bo tic 
and shake it well. After removing the cork, urirfuniljj bring a liglded 
splint near the month of the bottle. If the result ts negat.v o tiro test rnaj 
be repeated by adding ene drop of gasoline at a time until the vapor 

might be hied again with otber grades and kinds of 

Tpfcffle Gravity of Liquid Fueis. Students may 

- - 

tonometer Mci/iod. Weigh a dry. mi 

«« * 1 »*>* 01 " 

volume of water. , 5 _ (3 it s, r nearly filled with 

Hydrometer Method direcily. read on 

the liquid to be tested. To 0 f> ,n ^,1,0 liquid.' 

the hydrometer scale the sl „dents bcrLc acquainted 

Varied Uses of Liquid Votb.M*n rf , distillation, you 
with the lighter and heavue ^ ^ t , R J\ ract ions are put. This wil 

may want to discuss the uses f uc | oil for diesel engines ami 

involve the use of as .gains* coal or gas for 

°i, burners. The P™ Wiu, are the promLving fuel, of 
space heating rnignt aiso u 

the future? P.-rlnns some of your students might be in* 

Ollier Uses of Petroleum. , „, m ^ucls. Aside from M 

tcrested in setting up an cslulnt l ]lo| ‘ drtcIgo nts. uwcttal«. 

and lubricants, these would incl^^ ^ Under what combtion. 
plastics, resins, tevtiles, a - pctruietims use as a fuel, 

might these uses become as important pe hr 

•F.r „ — . gZSZfc Cm For, ah - 
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Petroleum and Conservation. As a reading lesson to be followed by 
discussion, you might use this excerpt from Besources'for Freedom (bee. 
19-2/). ' 

Petroleum is the great enigma of future energy supplies. For j^ears i 
has been predicted that the nation's crude oil supply would be ex- 
hausted within one or two decades, yet discoveries and output have 

TRILLIONS OF BRITISH THERMAL UNITS 
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Fig. 15-12. Primary sources of energy in the U.S.A. (From Teachers Hand- 
book, Petroleum School Series, American Petroleum Institute, AVu-" York.) 
source: U.S. Bureau of Mines. 

continued to rise. 3 Between 1950 and 1955, liou ever, a new warning 
signal has appeared. United States demand for oil has begun to out- 
strip domestic production, and for the first time the nation has become 
a hcavj net importer. 

Faced with an approximate doubling of oil demand bv 1975, the 
United States may find it economic to turn increasingly to several tie" 
* S<-c Fi: 15-11 
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and expansible sources of Input! fuel — .mportj ot crude and "sjr.ftcUc 
oil from domestic shale* and coal. 1 

There is in any ev Pnf , need for action on the side of oil « ie , so that 
ali available suppl.es can be made to go further. There are mam points 
at which the Nation could reduce consumption and physical waste of 
liquid fuels with little or no mconvemence The oil and automobile 
industries in particular could assume the obligation of leading the Nation 
toward a more efficient use of its liquid fuel supplies? consumers them- 
selves can contribute strongly if they are kept properly informed of 
conservation measures. 


Ask your class what such ’'conservation measures” might bp. 

TTie Auto Engine of the Future? A strong contender for the automobile 
engine of the future is the free-pistnn engine One of your students might 
report on this engine, which is now' ready to compete with diesel power. 
The use of this engine is particularly interesting from the conservation 
point of view, since the machine can probably burn crude ml or shale oil 
Of what advantage would this be? 

The Auto Fuel of the Future? Students might begin to project their 
thoughts to the years ahead Perhaps an electrochemical device or some 
other form of storage unit for electricity may power automobiles in the 
foreseeable future. 

As our production of oil approaches its peak — estimated for no later 
than 1965 — while our demand continues to soar, scientists are beginning 
to look for other methods of propelling our cars besides the burning of 
gasoline or fuel oil. The storage of electricity by some means may he one 
of the answers. It will be interesting to watch developments. 


15-10. Natural Gas 


Here is a little background material: Natural gas was not considered a 
great natural resource until the mid-1930s. Twenty years later the num- 
ber of families using it had doubled, and today industries and munici- 
palities arc increasingly turning to natural gas as a fuel. 

The tasks of extraction, processing, and distribution take unusual forms 
in the case of this particular fuel. It is usually found and drilled for in 
association with petroleum, actually coming out of the same hole. About 
half is now used locally and the rest is transported by an ever-growing 
network of interstate pipelines to utility companies hundreds of miles 


°TrTspcaking uf "Conservation at tbe Field," the authors of Urn, fees 
for freedom (See. 10-2/) male this statement: 

Great strides hare recently been made in redyeing the Percentage of 
Harine- and other losies of gas. ■ ■ ■ The natural ga. .1.1! flarrd 
reprints a tremendans .caste of foci «W* n.afd have great .-aloe 
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356 !n future years, and this is proper, y a matter of serious coneem to the 
State Governments involved, 
mat chemically is natural gas? What 
rlisarlvantaces are there to the use of natural gas as a lue. 

^Properties of Natural Gas. If your community uses natural 8“ “ “ 
full then your students are familiar avid, its properties, particula ) 

-r al gas ;a,: r 

methane, in the following way: Mia % grams of teed »d.um ace^, 
'"the gat by water displacement 
("The calcium oxide of the soda lime is to keep the mixture porous an 
ilsibt n does not in any way enter into the reaction.) Burn the 
methane. Observe the color and luminosity of the flame. 

SOME FUEL CONSERVATION MEASURES 
15-11. Utilizing Fuels Completely 

More Complete Combustion. Measure out exactly 50 milliliters of wa « 
in each of two beakers of the same size and kind, and read the te P 
hire of the water. Set one beaker on an asbestos mat supported b) a . b 

and ring stand. Heat the water for about 3 minutes with a um.nous flame 
of a bunsen burner (representing incomplete combustion), iurn o 
flame and ask a student to record the temperature of the water. 

Repeat with the water in the other beaker, using a nonluminous n 
(representing complete combustion). Ask students to compare resu s. 

Now your class is ready to discuss the fuel saving that could be ettec 
by complete fuel combustion. What other advantage does complete co 

bustion have (Sec. 12-5)? p What 

Do wc have complete combustion in our automobile engines. * 
would be the advantages if this were possible? What are the pros an 
cons of smaller cars for the future? 

Do wc have complete combustion in our space-heating furnaces 
• our industrial furnaces? (Smoke is an indication of incomplete com ,lS 
tion.) How would more complete combustion help? 

15-12. Better Insulation of Homes 

Elicit from students that saving of fuel, and incidentally lowering cf 
fuel bills, could lx? brought alxmt by preventing the leakage of heat from 
our homes and other buildings. 
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Is Motionless Air a Good or a Poor Insulator? Attach a few match- 
sticks, by means of wax drippings from a candle, to a long metal bar 
or thick wire which is held horizontal by clamping each end to a ring 
stand. Sawing a similar bar in tvvo and leaving an air space of about 
14 inch between the two pieces, attach inatchsticks to both sections and 
damp horizontally. Heat the end of each metal bar with a bun sen burner 
and note what happens to the matchsticks in each case. Ask your stu- 

d Yo^ctes'^ll recall that air in motion is able to transfer beat but 
motionless or “dead air" prevents .Is transfer. Use rs made of tins princp 

in in 0 su! e a.fngSials. Students may place wads of paper, rod. wool or 

motionless. lvi || n0 w understand why the 

wStSrof’-drhomes ^ ^ 

- - - “ m,nrt 

in summer? , “sandwich," with air between 

Storm windows or the more moclemgl ^ jtndents ma> . also suggest 
the two panes, helps to insulate ^ ^ closed vestibules. Mir- 

other ways such as " cal, '' n |llo walls and roof, may be slanted 

rorlike sheets of aluminum placed 

a .wrtrsu rrn, etTuct or. ,. 0 .. 

insulation? 

15-13. Less Fuel for Radiant Heath* ^ hom es. 

Perhaps some of your s,u J ,n “ Ia ^ l ' Bel , CT still, a Held trip might be 
They might describe it to the concrete is being P ourwl 

arranged to an unfinishml homo • ‘‘ t „ cl? (Beetuse a 
over the pipes. Does , s«R <»mfortablc. there ea" ^ced be 

actually bo kept cooler and st^ sa ,kfactory m other "a)-*- 

considerable fuel sav, ”S-) , rf , f„ r space heating (See. 16--). 
What about using sunh S ht dnec, ) P ^ ^ ^ 

15-14. Bringing Outside Heat m o based on the tevrtK 
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the experiment on the cooling effect of evaporation (Fig. 10-7). Perhaps 
they have already discussed the fact that refrigerators mike use ot this 
principle by withdrawing heat from objects to vaporize a liquid like 
ammonia or freon. Could this principle be applied to the cooling ot 

a house in summer? , 

If the refrigeration process is reversed, use might be made of the heat 
evolved when the gaseous refrigerant is condensed. Could this heat be 
utilized to warm the house in winter? 



liquid refrigerant under high pressure 

Fig. 13-13. The heat pump, a refrigerator in reverse. In winter, hc3t from the 
ground warms the liquid and vaporizx-s it. In the condenser the refrigerant 
gisex un Its heat of condensation and warms the house. A simple valve re* 
srrse* t)«* direct inn of the refrigerant in summertime, so that heat is removed 
from the house and delivered to the ground. 

Tlie heat pump (Fig. 15-13) accomplishes these two purposes. A stu- 
dent might reproduce the diagram on the blacklxmd or throw it on the 
screen and explain the operation of the pump as the refrigerant takes 
heat from the ground in winter (or the house in summer) and delivers 
it at a higher temperature to the place where it is needed (the house in 
winter or the ground in summer). 

The heat pump, while requiring power to run the compressor, utilise* 
the heat stored m the ground anti thus saxes fuel. In places where there 
arc no great seasonal ettretnes of temperature, the heat pump may have a 
good future. Students might report on the operation of these pumps ah 
rrjdy installed in some arcus of the United States, such as California. 
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Oregon, and Florida. What about their cost as comp tree! to other methods 
of heating? 

15-15. Our Fossil Fuel Situation 

One of your students might report on the present fuel situation. He 
might first want to look up an article, Tfie Fuel Situation, from the 
October, 1956, issue of Scientific American to sec how much the situation 
has changed since that time. The author is Eugene A) res, retired man- 
ager of research for the Gulf Oil Corporation In reviewing the situation 
of all the fossil fuels and their possible sources, Ayres concludes, “All 
signs indicate we are within sight of the end of the fossil fuel era on our 
planet.” 

From the viewpoint of conservation, this means that our technology 
must move rapidly forward in developing other sources of energy. At the 
same time we shall need to utilize every means of research and invention 
to use our remaining resources of fossil fuels with maximum efficiency 
and economy. 
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Our Energy Sources: Future 


The energy sources of the future now being developed by scientists 
are selectively explored in this chapter. Here may be found experiments 
and other techniques dealing with the utilization of direct solar energy, 
the possibilities of sea-water power, and the harnessing and use of atomic 
energy. Consideration is given to the relationship of these new energy 
sources to our conventional sources and how this applies to conservation. 

SOLAR ENERGY 

You might want to start by recalling with your class that the sun is 
the ultimate source of all our energy, whether we use hydroelectric power 
or fossil fuels. 

Students who are artistically inclined might enjoy illustrating picto- 
rially the various transformations of energy, starting with the sun. Why 
arc scientists turning increasingly to direct sunlight as an energy source? 

1C-1. How Do Wc Obtain Energy Directly from the Sun? 

Radiant Energy. Have students expose the backs of their bands to di- 
rect outdoor sunlight for several minutes, or if this is difficult, have them 
hold their hands 4 or 5 inches from a glowing 100-watt lamp. How can 
students explain the warming of their hands? This will lead to a dis- 
cussion of radiant energy and its absorption by objects. 

How Radiant Energy Travels. This is an interesting way to demon- 
strate the straight-line propagation of radiant energy’. Prepare two squares 
of tin foil. Coat the left-hand surface of A with paraffin and blacken Ihc 
right-hand surface. Cut an X-shapcd aperture in B (Fig. 16-1). Place the 
squares about 4 inches apart and place an intense source of radiation, a 
3G0 
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how ihe paraffin 


carbon arc or a 400*watt lamp, at C Students may 
on A melts in tlie shape of the aperture 
Selective Absorption of Radiant Energy, Select two pieces of the same 
kind of material, one white, the other black Students may pi ice both 
pieces of cloth in tlie direct rajs of the sen or a 100-watt Mb and [tut 
a thermometer under each They may check the temperature of each at 
the start of the experiment and at the end of each mutate up to Btv 
They will notice that the thermometer under the black doth records . 
greater increase of temperature, because the black cloth absorbs radiant 
energy more readily and is better ahle to concert it into heat. 


paraffin coating 



fVa. 


Fig. 10-1. Radiant heat melts the paraffin in the shape of an A. H»» dml IW 
energy travel? 

If you live in a region and umlis- 

experiment, selecting » clca * cloths for a day or too. under 

turbed. After the sun shines on tnc i , 

which cloth will the snow a\e ^ ^ glass between a students 

The Greenhouse Eject. Hoi ld P D in05 , „f the energy w™ ,0 
hand and a source of radiant energ>. Docs 

come through as heat? , burner instead of the stm. ^o>ir 

J55S-! ** - from b,,mcr F " r " 

,h Ffom S ,hesc experiments yoorstodents^ay 

allows most of the radiant energy ( , <arm objects. To put 

completely shutting out the W todiaRo ^ , but 

another way. the radiant energy "f indp lc „f an .«W|« 

be radiated out by a gto ^"dto^TIus 

invention, the greenhouse (fg. 
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Into fcvo terrariums students may place about an inch of soil, into 
which are inserted thermometers. One is covered with a piece o ™ 
glass and both terrariums are placed in direct sunlight for a few - 
Temperature readings are taken once more. Why is one reading so mu 
higher than the other? 

Here is another experiment students might try. Take a box n 
than several inches deep and fit it with a glass lid. Fit a piece of 
ened metal over its bottom. Place a thermometer (reading up to <iuu ! 
in it and put the box in direct sunlight Notice how very hot it becomes 
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Fig. 1G-2. Heating by sunlight (a) A greenhouse. The short was elengths from 
the sun penetrate the glass. The longer heat waves are trapped inside; (v) 
a home. Sunlight warms this room in winter. The wide eaves shut out tne 
sun’s rays in summer. 

inside. A simple device for capturing sunlight, isn’t it? But nobody yet 
knows how to make the black box cheaply enough. 

1G-2. Solar Space Heating 

Elicit from students that humanity’s primary need for energy is quite 
simply to keep warm; therefore it is not surprising to find that so large 
a proportion of our present energy consumption goes into space heatmg- 
Bctter use of the sun to do this job would seem sensible, since space 
heating does not call for high temperatures. 

Which Rooms Arc the Warmest? Ask your students which of the rooms 
in their homes are warmest, those facing south or the others. This may 
suggest to them that we might utilize the sun, the original source of our 
energy, to warm the house directly. Large glass windows on the southern 
side of a house would let in the heating rays of the sun (Fig. 

Storing Solar Energy for Heating Homes. Students will be aware that 
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heating homes by the suns rays has ccrtnn d.sad vantages, especially 
when the sun is not shining* Can the sun s rays be stored? 

Traitping the Sun’s Rays to Heat Water Tanks The glass-topped box 
with its bottom of blackened metal ( Sec 16 1 ) find, application insular- 
heated houses. By having a roof «nndow of two or three layeis of glass 
permanently curtained by a sheet of copper painted black, the suns raj, 
are effectively absorbed. This heat energy is then transmitted to and 
warms the water in specially designed tanks. , 

Utilising Hen! of Solidification. Another method of stonog solar cn » 
makes use of the principle that heat must be adds o 0 

at thc P same P .emperature, and that thts Wen. hot. h given 
up to the surroundings when the liquid solid lies (Sec-, W • 

Fill a test tube approximately half full of povx dored C Umbers »1 X 
(hydrated sodium sulfate), insert a thermometer ami heat 
beaker of water until the salt has completely melted „ . , 

Then carefully remove the test tube f™n the Temperature readings 
such a way that the thermometer is '“tob As^tn « ny.Ub 

should be made every 30 seconds os ! |(1 bc cve ry minute 

begin to form, temperature obser - Students may plot a time 

o? heal known * ■»> * — - 

cation. , , nr M ar ia Tclkcs in Massa- 

In a solar-heated house La in the stm while at the same 

chusetts, Glauber's salt is heated an down and 

time the sun warms the rooms of Lc and gives 

the house begins to cool oft, t te sa . the house. The molted 

up some of its heat of sohdttahon>o f)0°F until it 

Glauber's salt will, however keep "P s0 that ,| lc process is 

has completely solidified. It has g M a , an even tempera- 

a very slow one. This enables the >»u*=t OT< . rg) . source, 
lure of about 70”F. Sunlight >*“ b «" " f n > dta ,i™? Heat some ays- 
What about Solar EncrW and He* »* dish, holding 

tals of copper sulfate (abou 1 condensed on the funnel. Con- 

a funnel over the dish Note he moumre c, ^ 
tinue to heat until the ojalaU i*»*c ' p „„ d „ in a test tube 

Here's a bit of research. Can jours. 
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energy to release the heat energy of hydration? What might be the dis- 
advantages of this system over the use of heat of solidification? 

Solar Energy Can Cool Buildings Too. Have one of your students re- 
port on modem methods of refrigeration and the use, in some instances, 
of a gas flame instead of an electric pump. Students may think it odd that 
a flame produces a cooling effect. Actually the heat of the flame circu 
lates the fluid and generates the high pressure needed to liquefy the gas 
(Sec. 12-4). Could solar energy accomplish the same purpose? Refrig- 
eration engineers are busily at work with just such plans in mind. Soon 
we may have solar devices that will cool our buildings in summer, warm 
them in winter, and store excess heat for a rainy day. 

16-3. Other Solar Energy Devices 

Solar Energy into Steam. Students may take a curved mirror and con- 
centrate the sun’s rays on water in a shallow dish. They will notice hov 
the temperature of the water rises. How high will the temperature go- 
It is possible, by means of a large curved mirror, to concentrate the suns 
rays on a water boiler and thus to make steam. Although quite efficient, 
the mirror is at present too expensive to be applied to steam making on 
a large scale. 

You might ask students to place a metal plate, blackened on one side 
and shiny on the other, over a shallow dish of water, with the blackened 
side toward the sun so that the sun’s rays are allowed to fall on it. Stu- 
• dents may note the rise in the temperature of the water at various in- 
tervals. 

It was reported in January, 1956, that an Israeli scientist. Dr. Harry 
Tabor, succeeded in making water boil by using the sun’s rays in some- 
what the manner described above. 

A Solar Cooker. Here is an ingenious experiment for one of your 
students to rig up if you live in a hot, sunny country: Cover an umbrella 
frame with metal foil. Then turn its inside toward the sun, and place a 
grid holding a teakettle on the handle. Will the water boil? A device like 
this was invented by George O. G. Lof, an engineer of Denver, Colo- 
rado; it is used as a backyard solar cooker for grilling frankfurters as well 
as boiling water. 

A Solar Cooker for India. Here is a news item that might be brought 
to class: It is reported from Bombay that a portable solar cooker, simpl e 
to operate and requiring no maintenance or repairing costs, has been 
developed by The National Laboratory' of India. The cooker Is designed 
to serve a family of three or four persons and gives the same cooking 
service as a 400-watt electric oven. Allowing for wet and foggy days, 
such a solar cooker can be used 2S0 to 290 days of the year in an area 
like Bombay, and 310 days in dry areas like the Punjab. 




( ) , , , . , i a \ T}, c solar still showing (U black 

pSus^ihTa w 

MI . rd 

b 1 . . nrnnt iKwnbil ties «I Off- 


swing loop; (b) the solar lumaw *« 

1 t «rn the nrcscnt possibilities of di- 
Have your students find out w ‘ s( ^j e _i ] s it still too costly? 
salting the sea by solar e " er ®' °?.' me thocl do losvard solving some of 
What might an economically fcasime 

our problems of water shortage. device pictured in Fig. 

A Solar Furnace. Have yoor students si. > 

1Mb and csplain how it " m “- „ rt „„ the solar battery, the 

The Solar Battery. Ash a student o ^ rf energy di- 

“silicon wafer” that Scribed in Science America*. Do- 

rectly into electricity. 1« 1S «~entific publications, 
eember, 1955. as well as in o lier may now scant to take 

Special Solar Energy Fr ” b Jf”' of s „i ar energy. Tlicy are by this time 
a backward glance at the pro > jj !>[ra . cmapim. New 

b . ike Occec. The ''™““ Z e,,,,*™. Mwk 
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aware .hat .he “dilutenexs” of sunshine 

culties net encountered by the use of comenttonal h-e^ P ^ 
students could try to make a comparison •*£££?” timc a 
does it cost, for instance, to produce and ™ g f solar 

certain temperature by means of a bunsen burner. B) means 

device? 


16-4. Keeping Abreast 

Vnnlied Solar Energy. There has been formed an Association for Ap- 
nlied P Solar Energy, which in 1955 sponsored the first World Sympos.u 
at Phoenix, Arizona.= Many solar devices "ere ed.«.itedjd ^ ^ 
changed. The association also publishes a newsletter called 7 
Work. Your students might watch for publication of the findings o 
sequent meetings and symposiums. 

Solar Research: Photosynthesis. Some of your students m > 
lean, more about die work of Wo great centers of research devoted, 
the study of the direct utilization of sunhght through photosymthens. 
The Kettering Solar Research Laboratory at Antioch Colie , 

Springs, Ohio, is working with algae. The Cabot Research La or O 
Harvard University, Cambridge, Massachusetts, is explonng plmtosyn 
thesis with higher plants. 

Students might furthermore be interested in following devclopmen 
of a possible explanation of photosynthesis presented by two scientists, 
Drs. Melvin Calvin and Power B. Sogo of the University of Caldonua 
in Science, March IS, 1937. They present evidence that plants have 
mechanism similar to the photobattery and suggest that the chlorop as 
of plant cells capture sunlight just as a phDtobattery does and turn 
into a land of electrical current merging with the chemical reactions 
tag place in photosynthesis. Has this theory received any further con- 
firmation? Are scientists advancing other theories? If so, what are the). 


16-5. Sun Power and the Future 

Here are some considerations for class discussion: Viewed in the light 
of the world’s power needs, the present sun-powered gadgets may pos- 
sibly foretell the day when the boundless energy of the sun will be har- 
nessed to run the worlds factories, to light and heat our houses, to dis- 
till drinldng water from the sea, to power space vehicles (Fig. 16 - 4 ). to 
cook our meals, and to do all the other jobs now being performed b> 
coal, oil, gas, and wood — all of which are exhaustible. 

It has been estimated in Energy Sources: The Wealth of the Wor 

* Proceeding? of the World Symporium on Applied Solar Energy and Proceeding* 
of the 1959 Adciwry Conned Conference, Association for Applied Solar Energy- 
Flioenix, Ariz. 
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(Sec. 19-7o) that the total sunlight falling un the earth for about three 
days equals all the energ) ». the world’s reserves of coal, oil, and wood, 
plus all atomic fuels. So far, man has bean able to trap only a small frac- 
tion of this potential power 

Silicon wafers, glass-covered troughs, concave reflecting mirrors, sun- 
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Fig. 10-4. Electricity (torn spcc t,l SctnMy ol thrrmoclectnc 

cave mirror at the right ""/“'T'^tiirXinto electricity. West, nghm.se 
materials that coavert the to study the IcasM.lv' of such a 

Research scientists are using he „( spare vcf.icies. (Sri- 

system for supplying the electric power 1 
cnee Talent Institute photo.) 

heated air blown tlirough clicmieals to absorb and stM'c ^ adlll , 

the sun and the energy' of the . I a Jy spent many lifllion, of 

note that in the United States ", J m ^ the develop- 

dollars for atomic dentas. A <r. « ^ r „,,.re r„ r us. 

inent of solar devices might " c " 
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You ™r at Ilia same lima : avanl to rfva'tllCr 

oughtour policy be in regard to our present energy fuels. 

POSSIBILITIES OF POWER FROM OCEAN AND AIR 

16-6. Tides . . tll 

To harness successfully and economically the power of sea trd«, ' 
their predictable periods, would supply us with tremendous P°'™- ^ 

If your students live near the seashore, they might try 
a miniature dam provided with gates .ha, would catch « ' 1 “ “ er 

flood tide. Tlien, at ebb, the water could he released to _tum .a toy 
wheel. A student might report on the present status of tide p P 
in the world. 

16-7. Temperature Differences 

Another student might tell the story of the development of sea-water 

turbines operating on the temperature differences in the leve 
water of tropical seas. . 

An excellent source of information for both of these projects 
Sun, the Sea and Tomorrow (Sec. 19-7i). 9 


16-8. Winds ^ 

In the classroom, the air driven by an electric fan may simulate * ^ 
wind. Your students might hold pinwheels or a toy windmill in its P * 
What is the history of the windmill? What is the chief difficulty a 
using the wind as a source of power? What is the chief advantage, x J g 
power from air currents hold any future possibilities? 


ATOMIC ENERGY 

Your students know that they live in the shadow of the atom h oin ^ 
The)' cannot help being aware also that the “friendly atom has pnt ne 
and remarkable tools into the hands of man. aS 

“Atoms for what?” is the great unanswered question for studen s 
well as for everybody else. To help answer this life and death question* 
the first requisite is a knowledge of what atomic energy is and wba 
can do. , er 

There is a wealth of material on atomic energy in textbooks and o 
books, in pamphlets, in resource units, and in all kinds of visual ai 
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(Sec, 19-7). You might find helpful the text unit, Atomic Energy, Double- 
algal Sword of Science, by R. Will Burnett (Charles E. Merrill Boohs, 
Columbus, Ohio). To clarify and illuminate your own background, Ex- 
plaining the Atom, by the late Selig Heeht (The Viking , Press, Inc., New 
York, 19-17), is outstanding Tins is a book to be shared with those stu- 
dents who arc ready for it 

There are so many wap of developing with your class the story ot 
atomic energy that ,vc are lim.ting ourselves to a few rug gest.om, . v* 
a numljcr of experiments and other techniques you ought find "f" “ 
your plans unfold. A more detailed section on atom.e power and reactors 
lias been included for your guidance. 

16-9. Beginning the Unit 

theory helped to explain manj P ' , t 0 f man’s penetration 

10-10. Some Experiments and Procedures f exneri- 

Bccqucrct's Experiment. You, students may repeat ,1ns famous expert 
ment in the following manner: or( , (pitc hb!e„de or carnotite) 

Place a piece of rod '™ C “™ h a coin or a key, which is resting on 
on top of a piece of metal, P P . jn opa[lue black paper. Lease 
a sheet of photographic pap ' Wc paper is developed it will be 
it for several days. When the p £ P P ] are d. The rays emanating 

darkened except svhere t le m 1 [Pc sarn( . w ay as sunlight, 

from the uranium affected the : p. P luminous-dial clock with a 

Tills experiment may he va ed by u uig ^ ^ h 

-Lfj ** p- 3 - 

days for satisfactory exposure. Ustae „ strong magnifying glass or 
Observing Atomic BreaMown- ® S— wall. nr clock dial. Soon 
microscope, students may ex from the miuute amo nt 

they will observe tiny (The discovery of radmmby 

radioactive material mixed b thc previous discovery 

the Curies in W» — ■£££ insitigation of uranium oies to 
oiierel, xvlio actually suggesteu 

Curies.) „ some 0 f your students are interested m«® 

Cosmic-ray Tracks. I ] film {or t his purpose may 

ining cosmic-ray i 
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I scientific laboratories. Such film can be exposed^ • " 

developed, and the tracks examined with a microscope. V 

yield important information. Tile scientific laboratory la PP 
C can also give information to guide you as to what kinds of tracks 

^^"o matter what their origin, are fascinating m study 
and can become the central objects of an engrossing hobby (see ais 

^'^ElertTn. Tom on an electric fight. Ask your students what ac- 

tU If yo^u hatc S a Crookes tube, send a current through it. As the 
strike an object (a zinc sulfide screen) in their path, they pmdu« a 
green glow. The stream can be deflected from its path by a m gn , 
something that does not occur with ordinary light. ,v 

The Attack on the Atom. The story of the attack on 'he atom, tK 
discovery of the nucleus and the particles it contains, might be tola 
student reporters using charts and diagrams or might be ena , 
"livum models" (Sec. 16-11). As the story unfolds, certain insights m 
be strengthened by emphasis. The international character of icience ■ • 
for instance, well illustrated in the story of atomic energy. The iTeeex 
change of information and ideas enabled scientists to share in a 
mon search and to hasten the process of discover}'. 

Something else that may happen is the flash of insight that teac 
and students share as they begin to comprehend the beaut}', simpuci , 
and order found within the infinitely small atom, as well as the 
vast heavens. "What about us; how do we fit in?” does not need to 


spoVen to be pondered. 

Can Man Transmute Elements? This was a question ashed by scien- 
tists when they discovered that radium undergoes natural disintegra- 
tion and transmutation. 

A student might report on Lord Rutherford’s first artificial transmu- 
tation and the search for better “bullets” than radium particles. This « 
lead to a discussion of atom-smashing machines. 

Atom Smashers. Interested students might bring reports to class e 
scribing briefly the Van de Graaff electrostatic generator with its enor- 
mous spheres, the cyclotron, and the more recent betatron, synchrotron, 
and bevatron. By means of these machines, atomic bullets at unbeard-o 
speeds become very effective atom smashers. Your most adventurous stu 
dents might want to mate a working model of the Van de Graaff gen 
era tor (Sec. 16-12). 

Others of your students might bring to class a report on “Hilac” (heav) 
ion linear accelerator) designed especially to accelerate the nuclei, or 
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ions, of very heavy atoms rh*s a^ulfiator may permit the synthesis of 
elements heavier than ro* i 101 ) and opens up a new field of 

study of elements 8-1 to i->* it 1»'* bimg used to "-fudy the effects on 
living cells of very heav> p.u titles Ltnr. at science periodicals will carry 
the story as it unfolds, or s*iuUnt> nvv ..'in^ait th° .Vomic Energy Com- 
mission in Washington . 

A Chain Reaction. Set up some ninepins op >o«i demonstration table 
and try to male a “strike a ball This is a simple example of a 

“chain reaction." c 

Or students might prepare the following demonstration: Set up a fence 
of wire netting on a table Using about three dozen mousetraps ami 
tsvico ns many corks, set the mousetraps, placing them dose together, 
IT, wo cor l on each tr.ggcr Toss a single cork m. o the enc losure. 
IIosv many mousetraps are necessary for the reaction 
Now you arc ready for a discussion of how a cham reaction can be set 

in motion by nuclear bombardment. ,, r„„i™ Hlnli School 

corks and also itsicr to do: Make two bases o My 
S inches wide. Insert ™tch« into ne c^ J matc l ies to 

represent atoms ' (F f ieSt and 16-5b). By using two 

EsT V ^ To n!i a iss 8 that wiii support a chain reaction 
and one that will not. . » heads and duds in such a 

s-Lio 

marbles might he used to ropraent J 1 a ro a r ble player and 

middle of the floor. Blind old som^^ ^ „ ie side of ,h e room, 
have him try his hick at lutti g a ping-pong ball. From the 

If he desires to use an alpha Fjj* „ tIiat P m3ny atomic bullets are 
students will soon come the sugg 

used, so you might permit *I>em to ay. ^ up the demonstration 
Critical Mass. A group of stude 8^ and dan onstratf 

shown in Fig- 16-5c for tie c ■ ^ g rin g the two masses coser 

that a chain reaction will no ' , Students will need to ex- 

together until a chain «.«.“»■ in „,e clay as well as the 

periment with the placemen ' »f ^ not aval , aH e, tin cans might be 

distance between the flasks. rather than horizontal y. 

substituted and placed one above 


bsututeu anti 

“ Nobclinm (102) lias now been svnt resize . 
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Separating Uranium^ 233^for^AtOTnic^FMS«in^rSyparating ^ fis 

XZmc.G! X“gh still expensive is *en,art '™P^' „f 

- - p ~ - 




(C) 

Fig. 16-5. Using matches to demonstrate a chain reaction, (a) This 
ment will not support a chain reaction; (b) this arrangement will; t the 
arrangement may be used to illustrate critical mass. One match is u 
ring stands are brought closer and closer together. 

students note that the problem of isotope separation is similar 
principle, for we are dealing with atoms of different sizes. , 

Gaseous Diffusion through a Barrier. To illustrate the separation ^ 
uranium 235 from uranium 238 by gaseous diffusion through a barrie > 
try this experiment: 

Set up a porous cup with a stopper and glass tube in a jar, as s 
in Fig. 16-6. Allow hydrogen or illuminating gas to fill the jar. Bu ^ ^ 
may be observed rising from the end of the glass tube dipping in 
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the water. Elicit from students that the g is is going through the porous 
walls of the cup and forcing air out at the bottom. Now shut the gas 
off anti remove the jar The 
slowly rising water in the tube 
indicates that the gas inside the 
cup is going out. 

Belt: t Ion Between the Density 
of a Gas atul Us Bate of Diffu- 
sion. Place concentrated hydro- 
chloric acid in one crucible and 
concentrated ammonium hydros* 
ide in another at either end of a 
meter-long large-diameter glass 
tube. Insert stoppers and allow 
the diffusion of the gases to occur 
until a white ring of smoke. 

NH, Cl, fs observed forming in- 
side the tulie. Quickly measure 
the distance from each end of the 
tulie to the ring of smoke. De- 
termine the relationship between 
density (or molecular weight) 
and the rate of diffusion. It vdU 
be seen that the smaller the den- 
sity of the gas, the greater the 
velocity of its diffusion. 

Uranium 235 Is Still Costly. 

A single gaseous diffusion plant 
costs about a billion dollars. Only 
the United States. Great Britain, 


Fid. 16-0- Demonstration of gaseous 
diffusion through a porous cup 


the United States. Great Bntata. uranium ^ cost in 19o5 about 

and Russia have such plants. Tliat is wny 

$25 a gram ( % « ounce). figuring out how many pound* 

Your students might be : m « 1 Eiscnhcnvcrs 


- 1X5 iJi in President Eisenhower’s 

of uranium 2i5 were imolvcd , 956 . ^ . vi || n-.~ - 

release of this atomic '"eg xIG) tato a bill, on dollars, "'hid, com 
the price of a pound ($-5 - 

out roughly to 89,000 pounds- ^ ^ might M „, to show the 

In discussing u ram “ m ' j 1 ,,,,, „f Mines), 
dim The Petrified Itiar (U.S. 

10-11. Living Models, A Teaching Dc ^ i, av0 come across is 

One of the most * -models" for atom building and 

the use of hoys and girls themselves 
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atom smashing. 3 With boys as protons, girls as electrons, 
linked arm-in-arm as neutrons, many concepts can be easily 

SmicTurT ei the Atom. First, students might act out the repubjon 
between like particles, the attraction between unlike, and the neu r <5 
of the already linked particles. Then students might begin ° 
atoms, starting with hydrogen. As atoms are designed, students wi 
a vivid illustration of what is meant by atomic number, atomic weig , 

Someone might wonder why, if like charges repel each other, the 
nucleus does not automatically fly apart. This will lead directly in 
discussion of binding energy. 

Atomic Energy: Fission and Fusion. Now for the big dramatic 

th e attack on the nucleus. What is the best “bullet” for this taskr 

electron is too light and is repelled by the outer orbital electrons o 
the atom to be smashed. Protons tend to be deflected somewhat by a 
traction of the rotating orbital electrons, although the positively charge 
nucleus of the atom, concentrated in a much smaller volume, is even 
more important as a deflecting agent. Neutrons, being neutral, make an 
ideal bullet. . 

To illustrate fission, therefore, use a “living model” neutron tor a uu 
and as large an atom as numbers will permit, to represent uranium 
The next scene might well be the atomic fusion of two hydrogen atoms 
to form helium. , 

Giving the “Bullet" Speed. “How does the atomic bullet get 
necessary speed to smash atoms?" The answer to this question can a s 
be illustrated by living models plus some classroom “props.” 

To illustrate the principle of the linear accelerator, benches or chan 
may be used as drift tubes (Fig. 16-7). You will need to explain t 5< j 
idea of alternating current. When the current reverses, the boys ant 
girls at the ends of the drift tubes shift places. When you clap 
hands, students quickly make this change. Start an “electron slow y 
down the accelerator. It is attracted toward the drift tube by opp os * c 
charges but "cant make up its mind” so goes to the center of the tu c 
and coasts. While it is going through a drift tube the current alternates 
twice, so, as the bullet emerges, it is attracted toward the next tub 0 * 
When it gets to the center of the gap between tubes it is also “kicke 
from behind" by the repulsion of similar electric charges and dru s 
through to the next tulw, only faster this time, etc. . . 

Students will now be ready for a discussion of the cyclotron, wh>° '• 
unlike the linear accelerator, forces the bullet into a circular path. 

•Df Don Stotlrr, Supervisor nf Science Education, Public Schools, Portland. 
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Dr. Stotler has even used his living models to illustrate the Wilson 
cloud chamber and the Geiger counter 

Some teachers will find these dramai.zat.om highly useful teaching 
devices; others will decide that for them parbudar classes this method 
would not be effective. Wc have heard of several other teaching devices 
which might appeal to vou One teacher uses gumdrops of various 
colors to represent the different atomic particles, with toothpicks to 



wwwt 


After "current'' hat alternated 




O 


. I .( a linear accelerator with positive 
Fig. 16-7. Dramatizing the P" n< ?P. . j and dn ft tubes (benches). An dec* 

5»S&-.We what happens «* «™ 

alternates. 

, 1SM -pi»tail" Christmas-tree 
hold them in place. At other hlc „. iri „g and switches. These 

lights of different color! with ■ >OT ,J p )W , t„ develop )onr 

ideas may suggest something ) 
own way of teaching these con p 

16.12. Atomic Energy rnstrements doud dl a,„bcr invented by die 
Making a Cloud c, “ mb ' 1 ': , 3!2 gives scientists a way of detecting 
Englishman, C. T. B. Wi 

the paths of radioactive „ uciear tracks, your students 

To witness cosmic-ray and ^ directions En a mu* 

make their own cloud clambers- The 
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boob and magazine articles. Two types were described in The ■ Amateur 
Scientist section of Scientific American, September, 19o2, and April, 

“one simple model, suggested by Dr. Vincent Schaefer, is shown i in 
Fig. 16-S. Tire dimensions are not critical but suggest approximate 



A number of helpful suggestions for the use of a cloud chamber may be 
obtained from Research Information Services, General Electric Research 
Laboratory, P-O. Box 10S8, Schenectady, N.Y. 

Making a Geiger Counter. The principle of a Geiger counter is this: 
Voltage, but not quite enough to establish conduction in the gas, I s 
supplied to the detector tube. The gas in the tube is ionized when 
particles such as cosmic rays hit the tube. The increased conductivity 
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of the gas causes a momentary current to flow. This may be heard as 
a click in an earphone. . 

A homemade Geiger counter, similar to the one m Fig. 16-J, makes 
it possible for higl. school students to experiment until cosrrnc r.,,s and 
radioactive materials. Tire e.rcuit can be constructed on a bread board, 



Fig. 16-9. Assembly of n Geiger counter. 

*> S fclK'STnSngsotoge) electrolytic condensers 
C ‘ C^o 003-mf bypass condenser 

R , — 15 meS “ hm ; Itr'-pLart Eortlr.- *’««»««! *’■*”!' °> Sd ' 

{From Classroom Experiments fo 
enccs, Washington. D.C.) 

k for a cost of under 520, including the tube 
with standard radio parts, 

and earphones. t mav be used. (A momentary 

A regular 110-volt a-c P°' during each cycle.) The circuit is so 
peah clSe to HI “ "£££* if order to operate a fa. 
constructed that the \ o g . , 

(300-volt) Geiger tube. lubc should be wrapped w.th leao 

To detect cosmic rays, the G 5 protects the tube from n0 ™^ 

foil to a thickness of K. [w ^ cosmic rays to penetrate. To 

radiation while perm.ttmg radiabo ^ ^ k , uncovered- To 

detect beta and gamma ra s be covered with alomrnum 

detect gamma rays alone, tne n 

-Vhen all connections, are made as fa *«£ 


source, carmen: No connection, 

1 thus plugged m. 

Electronic Product., Inc 


wnen an , power sourw . 

plugged into a renter is time plugged 

should be touched cwtronic Products, Inc., U 

•On. soppte «t these <»h« r 
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Directions describing the construction of n in fhc 

counter, which is r ortab1e and very se„ 5 ,t.ve "T* 
pamphlet Classroom Experiments for Planet Earth, N. t 

of Sciences, Washington, D.C. , . . „ t nn i f i . va nt 

A Student Cyclotron. If your young nuclear physicists s 
to attempt the building of a cyclotron they will be encourage ' °^ thc 
that just such a project has been undertaken by seven shldenU 
Mineola, New York, High School. These students submitted their pla 
to the Atomic Energy Commission, which gave its approval. Hus 
followed by approval from school officials. Industrial companies, hearing 
of the project, supplied needed items, and the young sejenti 

launched. . „ 

An Experimental “Atom Smasher.” 5 To demonstrate how a 
smasher” works, students can build a Van de Graaif generator 55 ™ 
to the one shown in Fig. 16-10. This has been used for c ass 
demonstration and experimental work in the physics departmen 
Columbia University. The construction of the original project, 
here, was supervised by Prof. Bergen Davis. Students at Suffem b 
School, Suffem, New York, built one. 

Figure 16-10fl shows the general arrangement; A represents aMic * 
tube 36 inches long, secured to a base and fitted with a brass cover • 
This tube need not be Micarta; it can be an ordinary mailing tube o 
equivalent diameter treated with paraffin or shellac. C represents e 
support for the apparatus, which may be bakelite, hard rubber, or even 
wood. In the original construction D is an aluminum pulley, but oT 
simplification this pulley may be a brass tube plugged with a block o 
wood and fitted with a metal shaft. A piece of wire is then soldere 0 
the inside of the brass tube and the shaft. The pulley inside the glo e, 
also indicated by the letter D, is made in exactly the same manner. E JS 
a simple support that permits adjustment for the height of the upp er 
pulley and, therefore, regulates tension on the belt. F is a split brass 
rod to which is attached a horizontal strip of lead into which three 
needles have been forced. These needles must be of exactly the same 
length. A tapped hole and a screw permit regulation here. G is a ha - 
section of brass tube, also fitted with needles. H is a brass rod, adjustab e 
laterally and wound with Christmas-tree tinsel. / is a section of flattened 
brass tubing and K is a piece of lead, hammered over and fitted wit 
needles, as illustrated. The belt used in the apparatus is a strip 0 
ordinary adding-machine paper. One must be careful in overlapping 
gluing this to make sure that the needles K will not dig in or catch on the 
joint. 

The driving system for this equipment (Fig. 16-10b) is a Vo horse- 

•Srimrc Obtener, lOIS. 
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power motor which run- at 3,200 rpra In the construction described 
here a 200-ohm relay is connected into the meter circuit s? that three 
speeds are made possible This is acomphshej by the snitching mecha- 
nism. Because the circuit may not be suitable to every motor, it is 
recommended that a tapped resistor be used instead The purpose of the 
resistor is merely to bring the paper belt up tc fufi speed without 
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maximum speed first. Tile circuit to tlie filament of the tube is then 
closed, after xvhicli the high-voltage (2,650 volts) circuit is completed. 
The operator will sec the charge Iwiog sprayed upon the belt from 
pins K. These charges arc picked up at the top by F and conveyed to 
the globe, ft is not unusual to get sparks 12 inches long from this equip- 
ment. , 

Although it would be advisable to have an all-metal globe at me 
top (which might even be larger than the 12 inches here specified), 
the experimenter will find that an ordinary cardboard globe, either 
metallized or covered with tin foil, will serve the purpose quite as tve • 
When the mechanism is to be stopped for adjustment, make sure that 
the high-voltage transformer is turned off first; otherwise, if the belt 
should stop, the sparks would set it on fire. 

1G-13. Radioactivity Demonstrations 
Detecting an Ore. Students might build a pile of rocks, one of which 
is camotite or other uranium ore. A student might then test with a 
Geiger counter and discover for himself which rock is radioactive. (In 
prospecting, one begins in this way, by looking for gamma radiation.) 

Blocking Out Radiation. Show by means of a Geiger counter that a 
bottle of pitchblende is radioactive. Show tliat its radiation (gamma) 
can be cut off by a sheet of lead. Wrap the bottle of pitchblende in lead 
and leave the top open. Test the radiation through the side and the top 
of the bottle. 

Radioisotope Thickness Gauge. Using a radioactive material and a 
Geiger counter, place one, two, and then three pieces of cardboard 
between the radioactive source and the tube of the counter. Students 
will notice that the cardboard prevents some of the particles (beta) 
thrown off the material from getting through. The more layers of card- 
board, the less radiation penetrates it. (This may also be tried with 
various numbers of aluminum sheets instead of cardboard.) 

This is the principle of one kind of radioisotope thickness gauge, which 
measures and controls many different types of sheet materials — metals, 
paper, plastics, rubber, textiles. 

In discussing the gauge it might be pointed out that one of its 
advantages is that no mechanical contact with the material is necessary, 
and measurements can be made continuously without stopping p ro * 
duetion. 

Do Plants and Animals Absorb Radioactivity from Water? * Waste 
water from the atomic reactors at Hanford, Washington, is discharged 
into the Columbia River. The Atomic Energy Commission peri odi call) 

'West Coast Science Teachers Summer Conference 1954, m The Science Teacher , 
February, 1955. 
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samples and examines fish and plants from the river for signs of radio- 
activity. , 

After placing goldfish or other aquatic life in water made radio- 
active with phosphorus. NaiP 32 0i, students may dissect an organism 
and locate areas of radioactivity with a Geiger counter or by exposure 
to X-ray film. Phosphorus 32 is available for lngli school laboratory ex- 
periments in 10-microcurie lots from the Atomic Energy Commission. 

This exercise lends ilselt to a cooperative teamwork approach, using 
techniques from biology, physics, and chemisUy. Anothe, ' 
periment involves the use oi radioactive iodine. A rat fed on « fibrose 
and water diet for several day, is giten a diet rontaming radioachni 
iodine. By using a Geiger counter, and also by prep ' g ' 

autograph, the group can see in what part of the rats body the tagged 
iodine is concentrated and tty to determine "*?• 

Studying Genetic Changes ■"^-f^^roTproiSpiopoS 
Energy Commission recently gave th gr g . P T project 
by two junior high school 1 - *£ determine iny 
consists of feeding radioactive materials gipp 

genetic changes In the fish. a„„„„.i, a tton experiments may be 

Other Experiments. Many other oodweotoprs for High School 
found in Laboratory Expc , ri T’'L’ ‘ CKM Teaching with Radioisotope s 
Science Demonstrations and the mote recent 
published by the Atomic Energy Commission. 

10-14. Harnessing Atomic Energy for Power 

Elicit from your students usrful and eventually, 

atom to the welfare of man "»I 

it is hoped, inexpensive power- ^ reactions give off heat 

Discuss with your class the atomic power is a compact and 

as well ns radiation. This °] e ‘ poun( l 0 f uranium has the energ)' 
concentrated source of heat. P o( (about 3 million). In 

equivalent of about how many P amount of energy far 

"f sar 4 - — wigM of 

f0 Bea“„ Atomic o.ens. 3* 

that the energy of the atom is 1 am J ^ rea etion or continual 
may be likened to furnaces, m * alomic ene ,gy takes ph«- ™ 
splitting of atoms required ' P ,he supply of which Y 

chief fuel for this furnace is uranium 

means limitless. 

’Leon Kurtz, P& 7, New VoA City. 
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Depending on the type of power reactor used, the c "“gy 
in the form of hot air, steam, hot water, or other hca etl 
scientists have not found an economical way of , tomi ' c 

directly from atomic energy. At present, therefore, heat from a 

reactor is generally used to make steam to drive the turbine t 
generator to produce electricity. This is the traditional way, except t that 
atomic heat is substituted for the usual fuels. Atomic engineers arc 
challenged by the problem of producing this atomic heat at r 

00 Kinds of Reactors. Reactors can be classified in several ways , >ut 
perhaps the most significant classification from the students poi 

view is this: , . _ ne ,v 

1. The kind of reactor that is a burner-upper of fuck making n 
fuel as it operates. Examples are the “swimming pool" reactor an 

submarine reactor. . , , . w s 

2. The kind of reactor that makes some fissionable material, o 

than it burns. This reactor is called a converter. The most notab e ex 
ample is the one that produces plutonium at Hanford, on the Colum 
River in Washington. . 

3. The kind of reactor that makes more atomic fuel than it burns. . 
is called a breeder. Reactors of this type are under construction bot ‘ 1 
our country and in Great Britain and perhaps also in the Soviet 

A free basic guide describing and illustrating the various kinds 
nuclear reactors is available from the Minneapolis Honeywell Regula 
Company, Wayne and Windrim Aves., Philadelphia 44, Pennsylvania. 

The Breeder: Is It Perpetual Motion? To make more fuel than is 
burned in a breeder — isn’t this an example of the impossible? 
scientists succeeded in the invention of a perpetual-motion machin 
It might seem so, but have your students examine what happens more 
closely. - 

Let us take the case of a breeder with plutonium as the fuel 
16-11). The number of neutrons emitted per fission of plutonium 23 is 
about three. The number of neutrons that are spent per fission can 
added as follows: 


1 neutron to keep up the chain reaction and cause the next fission 

1 neutron to transmute a fertile uranium 238 atom to replace the 
fissionable plutonium 239 atom just burned 

X neutrons which go to parasitic, structural, and leakage losses 

2 + X = total neutrons spent per fission 

Thus the net number of neutrons peT fission of plutonium 239 is about 
3 — 2 — X, or 1 — X, neutrons per fission available to transmute a 
ditional uranium 238 to plutonium 239. This “extra” plutonium -3 
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represents a salable product that could be used to provide the init-al 
charge for new stationary power plants, to refuel atom-powered airplanes 
and naval ships, or to arm nuclear weapons It could thus be used for 
peacetime or wartime purposes. 



{Nuclear Deceh pmcnl Corporation cf Amfnra, 

•t .. il V ic miwtl'T 


. . v tjetor it can be scon that if X is greater 

Looking again at the 1 - A ib)e antl part of the uranium 23S 

than unity, then breeding is nc P x as near lo zero or as small as 
must be left behind unbumed. .. J ^jes with it some of the most 
possible is an engineering be imagined, 

difficult and subtle technical feats tl t ^ ^ has thcoret.- 

Here then is the “balance sheet of a bree 

cally reduced the X losses to zero. 

1 Result 

Input Output 2 Jb U23S used 

1 lb ru . 1 lb Fu produced 

2 lb U23S 1 lb fips (fission products) gain , j ^ would 

Heat happen only if there 

no losses ) 

2 pounds of material corncobs 
energy has not been violated. 



384 


matter and energy 


Resources for the Atomic Heavier. if the nuclear reactor becomes the 
basic “furnace” of the future as a source of energy and power, 
the basic raw materials that will be needed to feed it. nuriHed 

For the atomic “furnace," your students will discover . P 
natural uranium and pure carbon in tbe form of graphite as modcrato 
are needed. Other substances, such as “heavy water, can be subE 
for the carbon. Liquid sodium is being used in some reactors as a ' 

Uranium is not a rare clement. It is about as plentiful in the can 
as copper and more abundant than zinc or lead. However, uranium 
ores arc less concentrated than those of copper and zinc and t ere 
more difficult to purify. Every continent and every country on the g o 
contains some uranium ore. Ask your students to find out how many 
of coal are equivalent to 1 pound of ordinary uranium; to 1 poun 


of coal are equivalent 
pure uranium 235. 


When the nuclear reactor operates it produces heat. This heat can 
used to boil water, run steam turbines, generate electricity. It ml g 
even he that the heat produced could be piped to homes by means o 
central heating systems. . 

Discuss with your students some of the difficulties and dangers oi 
nuclear reactor. The one serious disadvantage is that its radiations can 
injure persons nearby. To guard against this danger, the reactor mus 
be surrounded by thick walls of concrete or lead. This means that even 
small reactors and their housings weigh many tons. But students wi 
recall that the “Nautilus,” the “Sea Wolf,” and other atom-powere 
submarines have already put to sea. 

Atomic powerhouses arc even now being fashioned and some arc 
actually in operation. Students might report on Great Britain s atom 
powered electric plant, Calder Hall. 

Radioactive Wastes. The problem of what to do with “hot radio- 
active wastes, the “useless” ashes of bumed-out uranium, is a difficu 
one. These wastes arc not easy to throw away, for although in time^they 
become less radioactive, the unpurified fractions may be “hot tor 
millennia. 

A small, purified fraction of these waste products of atomic pd cS 
can be used in advanced research in the sciences. It is thought that their 
rays, similar to X rays, may become useful in the sterilization and 
preservation of foods. Researchers are investigating other possibilities- 
But when all is said and done, there will remain an increasing amount 
of waste that will have to be disposed of as atomic power pl ants 
multiply. 

Students might refer to publications of the U.S. Bureau of Standards 

* Maximum Permissible Amount s of Radioisotopes in the Human Body and M a * i ' 
nrnm Permissible Concentrations In Air and Water, Handbook 52, Mar. 20, 1° >X 
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on allowable levels o( radioactivity for bodies of walcr. They might 
calculate the amount of radioactive waste that could lie safely disposed 
of in a nearby water mass. Ash students to recall the espenment with 
the goldfish (See. 10-13) ami to predict the outcome of eseessne radio- 
active waste disposal on aquatic life. 

-Why not dump it all hi the ocean? a student mav a*. The ucrans. 
of course are enormous and form a vast reservoir for our waste products^ 
In Uie pasU. has seemed inconceivable .ha, man « d 
waste to came any measurable change in lie ope" 
quantity of atomic power that may be cmcopei Ketchum, 

sLld produce, according ,0 oceanographer tatwichH. ketclium, 

enough radioactive waste products " 1 '”" “ * aftcr ycari „ 0 tild 

change in the ocean. Successive ami • • ,| ie SM jp. 

'ssttStt — — *** 




16-12. TSV„ uf the nTffiusTpm^' ^ 
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mm ts merely emphasize the necessity for , hinting of >hc future as see 

P '^L OI pr‘ot£of the disposal of atomic svastcs is a serious corners^ 

concern and needs to be approached in the anv part rf 

to deal ss-ith other pollution problems. Can sve afford to let a . p 

^^"sX^-tmrnd'Lthium as Fuels. Oor «£ 
sources of the future may possibly- resrde Hi two of the ^ ,CS ^ m[s is 
deuterium and lithium. Fusion of one or the -other : of these 
presumably involved in the hydrogmvbomb react.- am ^an d d 
fusion reaction (Fig. 16-12) may someday, in the foreseeable 
quite generally harnessed for peaceful power. 

Th» abundance of deuterium is virtually inexhaustible. Have 
students loot up the percentage of deuterium in ^ 
could deuterium be extracted from the sea. Have students 
to isotope separation (Sc-c. 16-10). Compare the atomic - 

deuto-ium a7d hydrogen (2:1); of uranium 23S and uranium 
(1.01:1). Which would be an easier separation? _ c, t 

lithium is more abundant than two-thirds of the elements. 1 
familv of elements does lithium belong? How might it be extracted ___ 
its ore? ( Chemistry students will be familiar with the way other m 

of the alkali family are produced.) 

The Mu Meson: Another Possibility. The discovery of the mu 
has set scientists on still another trad. This particle appears to enc *5 
the fusion of deuterium and hydrogen atoms with evolution oi 


(as in the fusion reaction). , a5 

Cost of Power. We are anrious to obtain our power as cheapo 
possible. This depends on a number of factors, some of which your 
dents will think of themselves. - c 

1. The source of power (wood, coal, natural gas, gasoline, a 

energy, wind, water, solar energy) . ^ 

2. The cost of transporting power (transportation of fossil rue 
far more expensive than that of atomic energy, for instance) 

3. The type of engine used ( steam, turbine, gasoline, diesel, jet, tur 
jet, other newly invented or yet undesigned engines) 

4. The energy liberated per pound of fuel .. 

Cost of power, dwindling supplies of certain fuels, emerging supp 

of others, money spent on research and development — all these 
factors in the energy picture of the future. 

When Future Sources Become Present Realities. Your students m-T 
discuss what changes might take place if we were no longer depen ^ 
on fossfl fuels. What difference would it make to us? To other t 

What use might be made of the remaining fossd fuels? How m 1 _ 
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!H use affect other natural resources? What has this to do with con- 

“ r B,?tTvhat about Today? When musing of J^Tharf tooH 
students you will no doubt want them to take ! J cxcee di„glv 
today. Our "fuels of the future’ are, among other thing , ■ & ’ j, 

expensive. It is hard to predict when their cost can be our 

to^be competitive. Has this any bearing on the conservatio 
present fuel sources? 

16-15. Student Survey of Atoms for Peace 

Have various class committees survey the literature on al0 .^ C re _ 
plants; radioisotopes in medicine; radioactive products in in 
search, in agriculture (Fig. 16-13). and 

This information might first be organized as a panel ais 
presented to the class. The class might then want to plan a s 
assembly program on the general topic of the peaceful at ?™’ 
members of the class might make the presentations; others mig p P 
charts, diagrams, and pictures to illustrate the ialks. .. . 

An excellent pictorial story of the use of radioisotopes in me ’ 
agriculture, industry, education, and research may be foun > n 
Atom in Our Hands (Sec. 19-7/). , . b 

An Atomic Energy Club. A science teacher in a small suburb 5 
school 9 met the challenge of the age of the atom by helping stu e ^ 
to organize an atomic energy club. 10 There were no qualifications as 
membership. Those who wished to make models got busy on cycle 
and reactors. Even a working model of a Van de Graaff atom smas 
was successfully completed (Sec. 16-12). Art students made all kin 
charts; writers and reporters were kept busy with articles; teenni 
and stagehands assisted with assembly programs and plays. , 

Each year the club activities culminated in a special program sd ^ 
as The History of Atomic Energy, The Tools of the Atomic Scientist, 
Peaceful Atom (a play) and The Hiroshima Story. 


• Ccrrit C. Zwait, Suffem High School, Suffem, N.Y. . 

14 Sec Citiieruhlp for an Atomic Age, a special issue of School Life, - 
September, 1953. 
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Our Future Resource 
Discoverers and Developers 


This chapter deals with pojentjd and development of 

students who will be responsi ^ on( j to-be-devcloped ones, 

our presently unknown resour , tions . what in general are the 

We address ourselves first l0 ^ having been identified, how are 
characteristics of a sciennst-to- • scicntifica iiy gifted students, 
schools meeting the challenge of su gg es t c d ways, both in the 

Included in these pages ant ' a ^ scientists. Teachers will also 

classroom and out, of encour g 8 £ t bcir own professional re- 

find suggestions '“^“ wi d^lon of a conservation program 
for^ur fu'tmc^^mjrce^discovcrcrs and developers. 

FINDING AND ENCOURAGING FUTURE SCIENT.STS 
. . _ Future Scientist 

17-1. The Gifted Student ns - n „ ation - s classrooms have 

Who among the boys mi Many science teachers » 

the ability to become scfcnmB m ^ ainong lhdr students wit 
feel they could pEch potent,. _ . on classroom experience . 

reasonable accuracy. “«<■"* ■ ^ „f st ,„lents, supplya 
observation of the subsequen o«n nature has been gomgm 

idCTUifleadon^sd dm gif^l-^^ sl ^^7 c l^siirve}-. Scit'nUfic Cairerr. 

may be found in * IC prt . (See. 19-Si). 30l 

Vocational Development Theory t 
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The Picture that emerges of the man or woman of ■*»»«•“ 
of a person who in scholarship and intelligence is equd or sup 
to the average college student. His mathematical talent is wen a 
average. He usually possesses good spacial visualization, lug Jj 
comprehension, superior manipulative ability" and destent). ? N 

mner-directedness (often attended by a weakness in social relationsmpj. 
scientific judgment, flexibility, originality skill in them . 

and in designing and earning out investigations and P 8 lhat 
What is most significant as far as the schools are con ^ 
his talents in science and mathematics are displayed early ’ 

crystallizing somewhere between ten and fourteen (upp 
2d ju-r high school years). The age at which these M> 
career choice appears to range from fourteen to twenty (hig 

and early college years). ch.dies that 

It has also become evident, through analysis of research s ’ 
there arc two all-important factors which have a direct in uence , 
career choice. The first is the encouragement given by deeply resp 
key figures (such as fathers and teachers). The second resides 10 
demic opportunities, including qualified teachers, and a chance to eng & 
in projects of a research nature with genuine experiences in disco\ r 


17-2. How Schools Are Meeting the Challenge of the Gifted 

Emerging Curricular Patterns in Science Education. Each community 
depending on its philosophy and traditions, depending, too, on 
preparation of its staff, the nature and destination of its student bod), 
convictions of its administrative and guidance workers, is gradually com 
j n g to grips with the problem of its gifted students. Throughout 
country, curricular practices seem to be taking these directions: 

The Advanced Course. This course, sometimes called the honor course, 
may be identified as biology, physics, or chemistry but goes be) o 
the high school curriculum (as evidenced in texts and syllabuses ) in 0 
what is recognizably college work. Most of these courses are 
established courses phis more i cork, the advanced course meaning more 
advanced t cork. __ 

The Special Course. This course is organized for special work. 5 ‘ 
dents who take the course have generally taken the established cur 
riculum or are taking this course concurrently w ith the established cur 
riculum. Such a course is advanced science, in which students work ov 
their own "original" projects in the laboratory much as do saen 
(embryo, perhaps). Students either are carefully selected for su ^ 
courses or select themselves because of their own expressed vocation 
interest. This type of course is usually found in large high schools 
the population permits wider diversification of courses. 
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The Special Group. In many schools there are no special courses, but 
special groups. This approach is especially well suited for small schools. 
These groups meet when possible and when a teacher is aval a L 
before, during, or after school. They are usually organized as clubs, 
they may be, and in several instances are, organized as classes. They 
number in registration anywhere from one student to several hundred. 
These groups, usually identiBed as hobby, seminar scholars, or vo- 
rational, are chiefly concerned rath learning more about ■*» 

The Advanced School. Even beiorc the Advanced SchooStudyonhc 
Ford Foundation was instituted, a numbe, r oi schools ; had do^loped 
what they called honor schools or advanced schrab ratha the o gan^ 
-*» J the high school per se these ""rafin 
youngsters on the basis of high IQ d J sci€nc e. and some . 

major courses (English, social studies, , j t ], an that 

times language), and aimed the Un( ] er ° certain conditions 

expected of the general school p P . in particular courses 

students were able to attain advanced stanum 0 I 

when admitted to college. .icularlv New York City, 

The Special School. In large cu • Hi „|, ^School of Science, 

specialized high schools such as j jj ig h School select stu- 

Stuyvesant High School, Brook yn f advanced work and added 
dents with high IQ and special abilities for advan 

enrichment. t i. ere are the private secondary 

The Independent School. Of standards of selection. Many of 

schools, a number of an d mathematics. Independent 

these give advanced work in blazing, with their smaller 

schools have a special opportunity greater opportunity for 

classes, more highly selected student body, F 

individual project work. ,] )e procc durcs used involve 

The Individual at School. Whet fa s „f mc ct spec, ’a needs, 

groups or classes oi students, the P s[K cial groups. In sue , 
But many schools are too ,„ r Un one gifted student- 

schools, we liove observed efforts g ^ ( „] lct l,er standard or ad- 
TndSuS flnnl tutoring in certain couRe raj; ' t0 an interested 


schools, we nave oosci*. - , (wlictncr siuu““ 

Individual tutoring in certam “““ ' s , ,o an interested 
vanced), the pracrice oi opprenl „ 1C regular scssi™. tlicn 

industrial or university scientist ( ^ clse> suggested reading 
during the summer session), an ctices used. In many oasc 

confcrences-thesc are some 0 the P" stll[ ,e„, so oiten ' Md ' 

arc unusually effective cc ^' j the guidance offer 

catalytically to the interest sliovsra . , cto er coopem^Jj 

School-College Coopera ,on for ' = ltat jlll»« ™« 

tween the school and college ,s help, C , acc c,enite g.lled 
gap. Already there arc various p 
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dents. Thus, some colleges and ^“elected scWs'^h 

while others are admitting qualified shidents from se 
■advanced standing.” Then there are institutions of 0 „ S t hing 
work closely with a particular school or school system, > 

the transition for both students and teachers. 

17.3, One Experimental Plan 

Identification and Selection of Students. Here is “ **“'? s how 
from one city public school system, that of Portland, Or g , 
how students are selected for special work in science. ^ 

The general plan of identification has made use of ^ r ^ c E ) 
such standardized tests as the American Council on uca i g ta te 

Psychological Examination for High School Students, e el 

Psychological Examination, and the Iowa Tests of Educa ij:»; 0 h to 
ment, as well as I.Q. tests, both group and individual. In 
the testing program, other information has been used: 

1. Recommendations from teachers. 0 jr a 

2. Rating sheets upon which teachers indicate their es ,ma . duslrV| 
pupil’s rank — minimum to maximum — in such characteristics ^ 1 n ' a | 
accuracy, initiative, reliability, cooperativeness, leadership, an 
stability'. These are filed in the counselors office. 

3. Grades— past and present. ^ ^ t ^ and records c f 


4. Counseling data, such as results of personality test 

participation in activities both in and out of school. , 

5. Interests as revealed by the Kuder Preference Records a* 1 
the pupil’s own declarations. 

6. Pupil's occupational choices and career plans. , r eveal 

7. Case studies which include anecdotal recording. These may 

the areas in which students could be expected to excel. £ a j] 

The Science Program. Since the initiation of the program in ^ 
of 1952 three main types of classroom organization have been u ^ 
the special classes provided for gifted students. These have been 
nated as the seminar, the special section, and the enrichment clas ■ 
seminar is a small group of five to eighteen students of high ability 
are engaged in an elective study which is different from, and g en ^ 
over and above the prescribed high school course. A special section^ 
also a small group of fi\ e to eighteen students of high ability w . 
engaged in studying within the framework of the regular P° 
course, but with the addition of comparative and supplementary ^ 
terials for purposes of greater depth and breadth and with a 
intensive and scholarly approach to all phases of the work. An enric ^ 
class is of normal size, twenty-five to thirty-five members, made up 

* Science Classes for Exceptionally Endoued Students in the High Schools I 
Portland, Oregon, Portland Public Schools, Portland, Ore. 
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students of high abiht\ who follow the regular Portland un-rsi which 
is expanded and ennched and uses more difficult materials Urn those 
usually tried in regular classes 

All of these classes enjov one common advantage relate hw'preuy 
of intellectual ability , which makes possible the use of moie difficult 
materials and more efficient class procedures Instead cf the umhtcr.l 
teacher-student relationship which may tend to prevail m ‘he hetero- 
geneous clase,, intra-student dueussioas can be frequent and F a We 
in the special class with the teache, acting as «■“»! Part^nlmst ac 
o£ presiding authority. As attitudes ol responsibility derelop in Ure das 
as P a whole, students may often Bnd themselrc partiapauog », the 

ticipation by all members of the S r ° up ' f being a rcg u1ar part of 
ment class have in common the Many able 

the curriculum. This do not hare time to tale a 

“minor as an additional class. The W*® ' ^tTnd'pi. pill' from 
of ground m a prescribcrl 

amount of time. , heirinninc of the Portland school 

Evaluation of the Pro^am. Since A b^g^^ teachcrs have been 

program, individual high sc i developing special types of classes, 

given as much freedom as possi c . ^ 0 j presenting the material, 
selecting materials and working t herc has been continuous 

^Siofoit'r^usXr^. 

“SS2T- aa-hiclr to 

a number of sources: ft'"’"'' J 1 „,nhe esaluatmns of students, their 
performance on standardized . anonymous questionnaires. T iMe 
parents, and teachers a, ™ end of each year ol the 

questionnaires were sent to a hcrs in the schools participating 

program, to their sscro sent to gmdnalc, one 

in the program. In additlo , 1 seminars and special classes. 


in the program. In f^eu. 

year after they had parhep* nut for lavorablt i comment 
J In brief, the aspects of the p j habits, greater opportunity 

by these groups the stimuUtkm of ^ 


things singled out ^ ^phasfton pmrpams. — 

deal of time and energy, toon 
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enough prepared. orentest oroblem in meet- 

Most common comment by teachers on the.r greatest pro 

ing needs of gifted children were: 

A. Lack of time. 

B. Too many interruptions. 

C. Insufficient materials and poor material manag stu deuts 

A noteworthy effect of the special attention ^en tosup g 

is that it seems to raise the general «el of scholarsh.p f re J aal . 

students. One high school reported “ ‘ in a , mining 

sophomore honor roll increased 1003 os a result of program 

seminar status in the junior-senior year via good grad . P ; n di. 
puts the stamp of approval upon scholastic achievement Stu e 

cate a desire to be in the special classes and work harder ^ » y, 
for them. The feared development of intellectual snob P 
groundless. In addition, confidence and prestige which cap 
have gained, have brought them into more active leadership 
body and class affairs. 

More Experiments Needed. Experimentation like that * 

the Portland schools needs to be and indeed is being multip Jj. e 

out the nation. Development and evaluation of these programs ^ 
time, but there is no easy or quick way to find solutions. An ^ 
evolve as schools not only profit by the research of others b 
involved in research of their own. , , . physical 

Another type of research is that now being conducted by tn ; ^ 
Science Study Committee, under the sponsorship of various to ^ 

including the National Science Foundation. A course in nig _ q1 

physics with a new approach is being designed and tried out inp ^ 
high schools and revised in the light of its success or lack of sue ^ 
actual classroom and laboratory situations. The impact of this 
mental course will beyond doubt cause a reappraisal of the tra i 1 
physics course and methods of teaching it. a „ 

The American Institute of Biological Sciences has embarked ^ 
extensive study of course content in the biological sciences. A new 
detailing the progress of the study may be obtained by writing 10 
logical Sciences Curriculum Study, University of Colorado, , 

Colorado. At present, plans are being made to develop a national s ^ 
group in chemistry somewhat along the lines of organization ° 
PSSC and the BSCS. 

174. Helping Students to Become Scientists 

It is interesting to note that in l>oth the Super and Bachrach 
and the report of the Portland public schools there is a shift in cmp n 
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from the traditional science course to a more experimental one, which 
includes some rudimentary research on the part of students. 

When we reexamine regular courses in science we find that students 
are expected to delve into the works of the great scientists, studying 
mainly the facts, laws, and principles of the past. Textbooks, workbooks, 
and laboratory manuals are designed for students to read, examine, and 
possibly rediscover , but rarely to discover for themselves. To study the 
past is both useful and important; the past is indeed prologue. One 
wonders, however, whether it is sufficient. 

If we want to encourage future scientists, ought we not to begin 
early to give students direct experience in the doing of science? In 
essence, one becomes a writer by writing, a painter by painting, and a 
scientist by "sciencing." The sooner one starts, the better. If gifted 
students are to become our originators, should they not receive practice 


in originating? . . , , . 

A science course designed to this end might lie one in which the 
students, having betxiroe aerjitainted with the history of biological 
science (now called biolog)'), proceed to deal wall )c * cl £ n 
biology. Here they struggle over new relationships; they tr> to do omc- 
thing new; they attempt to solve problems, small, perhaps <™n trlf ling 
ones to begin with, but problems bcyoml the known. ie - 
a base of operation a place to Jump off into the d " 

"research" and fn so doing wet their cere n ec ,, , fcuchin" 

jesting approach *» ^ clicrs tbeir students, 

its use some doors will be opened t ; JcsignK , lhr same 

Many additional procedures an Smrccbook for the Biological 

spirit may be found in these sol • * J , p Brondwrin . 

F Ci C witmn U and Company. 

the country, may be found I In d L f or t!, c National As- 

onrf ncsourcc-Usc, edited ) ] nlers tatc Printers and Publishers, 

sociation of Biolog)' Teachers ( 

Inc., Danville, III, l955 >\ slljKC stions, including many ideas for 
Then? are some egdfen . W Teach{n ^ a selection from 

projects, in the yearly aw'* Tcac ], er Achievement Kccognition Pro* 
winning entries in the ja Associa tion. 

gram of the National Sc» or inc tfective technique for me and m> 
“Would this 1* an f as k themselves as the)- get teach- 

class? - is the question teaemrs n b 
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tag tips- from others. In the final analysis each teacher needs and « 

to find his own unique way. ^ w : t u the Rifted. 

In essence, the teacher is the key to successful wo k wrth E 
A teacher who is demanding hut not coercive, firm hut " " 

who is sympatlictic and friendly, whom the student von^pt^ 
surrogate parent does much to nurture giftedness. Such 0 h 
not be an “expert- in the area (as experience ,s defined Oi 
an expert teacher and an expert at being human. He k fte 

ing is a personal invention and he is constantly at wor P 

invention. . n c - carefully 

Field Trips. Those who have shared in the experience o 
planned, well-run, and thoughtfully followed-up field trip— to t ^ 

to a farm, around the school grounds, to a mine or factory ® t0 

to be convinced of the value of the experience to stimulate 
start “sciencing” for themselves. nossible 

For those students who are seriously considering science as I ^ 
career, a visit to a research laboratory may be particularly vita 1 
former student, a parent, or someone else in the community > ^ 

helpful in making the necessary contact. It is an impressive ex P e ^ 
to see men of science quietly at work; to have them take time to ex P. y 
in simple terms what their research is about. The students ^ 

closely interrelated are the findings of workers in the many he ^ 
scientific inquiry, where artificial boundaries of race or nation are . , 
carded in the mutual search for scientific truth and the increasi 5 
successful attempt to liberate people from pain and disease. Ji; nes 
Leaving the laboratory, students may be confronted with hea ^ ^ 
of horror and death, with the all too vivid paradox of the invention 
science that might have blessed mankind being misused to torture ^ 
destroy. Large questions may form themselves in the young P r ^ 
minds: “Does this have to be? Who or what is responsible? Can . 
anything about it?” These are questions to which there are no ^ 
answers, but at least a start is made when the query is put an 
search begun. « veS 

Students might be interested in finding out what scientists thems 
are doing about the social implications of their discoveries. They 
look up the report of the special committee set up by the Ame 
Association for the Advancement of Science. 2 Students might also 
in touch with the work of the Council for Atomic Age Study of C°l ufn ^ 
University, a group organized to make a broad and bold attack on 
problems of society and the atom. _ 

Science Clubs and Science Fairs. Many science teachers find tim®^ ^ 
sponsor a science club in their school. The informal atmosphere 
’Science, Dec. 21, 1956. 
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club, the freedom from the pressure of the curriculum provide special 
opportunities for teacher and students to adventure along the highways 
and byways of science. Already there are more than half a million 
youngsters enrolled in science clubs throughout the nation. 

Often club activities culminate in local, regional, and national science 
fairs. During 195S-1959, for instance, there were 600,000 science fan 
exhibits by elementary and high school students, leading to the National 
Science Fair, and 4 million people flocked to see them. 

Surveys show that only about half the students who finish high school 
in the top 20 per cent of their classes go to college However, more 
than 76 per cent of National Science Fair exhibitors who aie not still 
in high school have taken advanced education to train for scientific and 
technical careers, according to a survey by Science Service It seems that 
science fairs are indeed helping to find the scientists of tomorrow 
Museum Programs. Some of the museums of our country are making 
special provision for students interested in science. Here is one from 
among a number of camples: Every year 200 outstanding science 
students from county higli schools are invited to attend Saturday work- 
shops at the Los Angeles County Museum. A Mow-up study dim 
that 09 per cent of these students attend college and « per «>' S 
some scientific field. Teachers might help to publicize such museum 
programs or might even help to initiate one. . , 

P Seboo. Camping. 

stadytogeffin ’the Lmratorytii.it existed long 
is experience at firsthand. Here is a chance 0 P inv0 ] ves 

and fuller appreciation of the things we as )• ( • “ whiclt some 
the use of the outdoors as an K U telc learning, by 

of the unmet needs of youth can b people hack to 

seeing and doing. This outdoor TOt > rn , interrelationships- 

the land, where they may find their p Iimi|Ml to „ week end 

Whether the camping experience ot a c. , ^ fcr a long t h ier 

or a week, or whether it «“»*“** Us tiroe allotment. Camping ex- 
period, it can be meaningful far liey ^ , B S0UIM . Conser vation 

periences offer opportunities to ^ ser j es 0 f admonitions but 

education, too, becomes not a drj'.^'V . f or so j] to protect, a 
a living experience, with “ fore L to keep safe, wildlife to 

water supply to ensure, trees to p * 

care for, trails to blaze. science and conservation, are 

The outdoor educational ac i\ ’ r t ] ie experience at its best 
only part of the program. Other standards of healthful living, 

are new recreational interests, imp or <jinarv fun and enjoyment, 
purposeful work experiences, an J" 
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Above all, the school camp offers opportunities t° de™lap^scnse of ah 

homeness with ones fellows and ones -rfd^d-nng-W 
and play, singing together or being qmet together around I 

under the stars. . . f r rom f>eing 

School camping is still in its experimental > cars . an ^ 15 ‘ nd Ca lir 0 mia, 
universal. It is highly developed in some states, ^"J^ZTngs 
for example, and is still nonexistent in many school ^sterns. Beg b 
are hard and slow, but there is a steady growth of the mosement; ^ 
an excellent survey of camping and outdoor educat on, h , 

May, 1950, issue of the Journal of Educational Sodo ogy- f oor 

find helpful the pamphlet A Study of Comcrca ion Adiutto « » 
Education Programs in Coli/omia, by l-ola Jean Eri ( aho 

Department of Natural Resources, Sacramento, 9o0) lou nn^ ^ 

contact the American Association for Health, Phxsical Ed 
Recreation, Washington, D.C., for appropriate literature. 

Science Camps. There have already been some experiment 
running of science camps or special science programs at regu a 
The tremendous advantages of a summer science program are 
ratory of the out-of-doors and the uninterrupted time so diflicul 
in the crowding pressures of the school year. _ av 

Students may bring to such a camp well-planned protects o j 
develop completely new interests in the new setting. Sometimes 
search center or industrial firm will give special guidance to s 
Thus, at the science work camp of Fieldston School, New lore ' . ’ 
the summer of 1952, a doctor from a famous cancer research center gui 
a student project involving the injection of mice with various concen 
tions of “sarcoma ISO” and a study of the subsequent developmen^^ 
cancer. Another future scientist was helped in his research b) a 
interested in exploring the possibilities of growing algae for food, n 
instances the boys continued their work in the following school year. 
boy was permitted to leave classes one afternoon a week in order to 
in the research laboratory that was guiding his experiments. Both stu e 
were well started on scientific careers before leaving high school. 

Science Jobs. Many science students, during the summer betw ^ 
high school graduation and college entrance, find jobs at such . R 

the National Bureau of Standards and the National Institute of Hea 
Washington; the U.S. Naval Ordnance Laboratory at White Oak, ^ 
land; the U.S. Department of Agriculture Research Center at Beltsvi 
Maryland; the Mayo Clinic at Rochester, Minnesota; the Westinghous 
Research Laboratory at Pittsburgh, Pennsylvania; the Roscoe B- J aC on 
Memorial Laboratory at Bar Harbor, Maine. . 

A new student conservation program sponsored by the National Far 
Association (2000 P St., N.W., Washington, D.C.) is open to high sc oo 
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and college students. It offers young people the opportunity to assist 
in two national parks by working directly with park staffs m a large 

variety of projects. . ... . 

Science Training Programs. Most extensive among opportunities for 
future scientists are the summer science training programs for ^conchry 
school students conducted in over one-hundred institutions rvrth funds 
provided by the National Science Foundation In these summer 
young people still in high school have uneqnaled cl, antes to attend anti 
enrich their regular schoolwork. . r . * . ,, n( i -.nv 

Career Literature. There are literally hundreds of P“g** ™ 
excellent books on science careers of all sorts. Tlusmatei . 
lent browsing for students exploring career P os ^ 1 guidance 

In one setfoo, an ac«.ve rfunrm < S A of 
library that was later administered an P P 
student curators. 

17*5. Improving the Teacher’s Own Resources , 

lnf-it nr regional science teacners 

Professional Groups. By form g ^ abreast of recent 

organization, teachers may exchange - am l publications. In 

developments by means of 1^=* ““»Hons and laboratory 
this manner, they may learn of in efC * ’ i in1pse w ays of "dissolving the 
experiments not found in textboo . 7 s mdcnts into living contact 

walls of the classroom," thus brmgmg tlrerr 

with the world in which they live. ]t) 57 , isCTC 0 f The Sri- 

Some striking material apF-aO'' jp.], School Science Teach- 

cncc Teacher. It xvas headed n 1 a statement offacts. com- 

tng and Today's Related Manpower Shortage. ^ tppmHl b y the 
ments, and action plans and i cc Teachers Association. Re- 

Board of Directors of the National S U| s , N.W., Washing- 

prints mav be obtained from NSTA, 1-0 

ton, D.C. . increasing numbers of teachers ar 

Summer Opportunities. Eat t J ) [w 1)rOT jemng their science i'P ^ 
using part of their Slimmer i •> foundation, through t I 
cnee The National Science Teacher Too ^ in opening > P 

Scientists of America Foumbtion. has^ ^ teachers. Them - 
. a number of opportunities ° r ' ^ assistantslups. sho - |mmcr 

university programs including ^cation "orkshqih (l 

on the new developments in flic NSTA publishes 

job opportunities offered^ g^j pIICC Teacher- ^ education, 

year in its magazine, «' |C r .> _ n( j experiences in ^ricliment 

Opportunities exist also or «?^Sed duration oiler <mndnn« 
Conservation workshops of ’ nrf “[ CI ” in cono-nation. immrs.l 
os well as recreation. Sorictics 
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school systems, government ■ mmibWe through 

offering courses and workshops. Scholarship , , National Wild- 

such organizations as Audubon sociCcs, " f ; " n may he 
life Federation, and sportsmen s groups. F,,rl1 '" , Wilson F. 

obtained from the Conservation Education c '° . Mon . 

Clark. Secretary, Eastern Montana College of Edmatron, g ^ 

tana. One might also write for the most recent U.S. Soil Conscrv 
Service pamphlet, Conservation Workshops Inventory. 

17.0. A Conservation Program for Our Future Resource Discoverers 
and Developers 

Present research reveals unmistakably that there is no shortage ^ 
entific talent in our nation. There is, however, a gra c * g 

^Encouraging More Students to Go to College. Today, fewer to half 
of those capable of acquiring a college degree enter Scion- 

to the findings of the National Manpower Council in A PoHn/ f® ]es 
tific and Professional Manpower (Sec. 19-8p). In a study made y ^ 

C. Cole, Jr., Encouraging Scicnri/Ic Talent (See 19-8n) 11 ‘ s ' ™ tion 
that the number of high-ability secondary school graduates n " . 

now not going to college for Bnancial reasons, but who could pr 
be won to a higher education by means of a scholarship program, 
tween 60,000 and 100,000. It is estimated by Cole that another 
of similar size lacks the interest or motivation to go to college. It is 
this latter group that teachers may exert an influence. ^ 

For those interested in learning more about why we lose so ™ uc 
our human potential between high school and college, the th0 8 ^ 
provoking story is thoroughly documented and discussed in tne 
mentioned above. c1ir veV 

A National Study of High School Students and Their Plans, a s ; 
made in the spring of 1955 by the Educational Testing Service an 
ported in Encouraging Scientific Talent, Teveals some facts of particu ^ 
interest to teachers. Today’s able high school graduate wants to contini^ 
his formal education, realizing that it is essential for the work he wan 
to do. At the same time he lacks sufficient guidance in high school, p 
ticularly about scholarship awards, upon which his college and financi 
plans may depend. , 

Encouraging and making it possible for more young people to g r 
uate from college and go on to graduate work would expand the sou 
of the supply from which the nation s scientific and professional P erS ° t0 
come and would help to reduce the loss represented by the failure 
train many able individuals. But all these potential scientists first pa** 
through the hands of secondary school teachers. What may finally I 
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the balance in fa\or of further education is what happens in the class- 
room day by day. IIow many persons, we wonder, made up their minds 
to a life of science partly because their science teacher in high school 

was such a “great guy”? . ^ 

Publicizing Awards and Scholarship Opportunities. There are a num- 
ber of programs supported by professional organizations industries busi- 
ness fimis, and other agencies that encourage students 
scion CO. In 19S4, (or instance, the American Socety c ,( Metals rnan^ 
rated the offering of awards to both students and teac hers . Th p rogram 
is administered by the Future Scicutists of Amerrea Foundatmn 

N nm„, too. there are the scholardups provided 

poration, 30 East 42nd St., New \ , S Tliese scholar- 

school graduates who intend to enter ”“ eressa „ talents in a vanety of 
ships are offered to students "ith 

fields including business, research orteacl..^ scientists and 

Another important organized eff E . meeting Manpower Corn- 
engineers is now being conducts ) 39 a, St, New fforl) 

mission of tbo Engineers Joint Counc t- serond a,y school prin- 
Cireulating material to gnidaneo counselomand ^ m „ 

cipals has been partly responsi Hi h sc j 100 i science teachers 

ment of freshman engineering s ^ }h _ s materi al. 

might also want to famdiarize t National Merit Schol- 

Many schools already have data in regm.1 to u ^ ^ school scniors . 
arslups, four-year college scholarships ■ ■ bascd m DCet) and may 
Tlie stipend accompanying each ^ information may be obtained 

vary from S100 to S2.200 » ,580 Sherman Ave„ Evans- 

from National Merit Scholarship Corpo 

ton. 111. . rlubs rf America, run by Science 

One of the functions of Science e Xalent Search, sponsored b> 
Service, is the conducting 0 state science fairs, essay co ' 

Westinghouse Educational Foundau » ^ ^ ^ Eochester.NA,) 

the Bausch and Lomb ccmpctiti pro-rams thr°“S h ° ut lta . 
are just a few esamples of some » P they may go for 

A -resource Me" telling sd enee teaehe' t0 themselves and 

help in regard to scholarships and ^ ^ ^ ^ mhoJ ,f 
students may be found ^ . The cnoniragcmeno 

Encouraging Cirls to Enter ? ““ not hcr large reserve of tato • 
to enter scientific careers would t p a fu ll and s««*sf 1 ‘ • 

are, ol course, many women wbo.atag^ ^ pIofea io„a, u or' Id . ) 

life, could find enrichment and B 1 «toDod, A Boot 0 / ■ 

•Paul F. Bramlwem, F. G - ^‘ S °^ e ^' York l^ 58 ' 

Harcourl, Brace and Company* 
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clpany IdZ New York, 1937) or Dr. Alice Hamilton* sto^r of her 
career in industrial medicine, Exploring the DongerouJ m 
Brown Sc Company, Boston, 1913) arc two stirring examples. Biograp 
of other women may be found in Edna Yost’s American! Women c >/ Scie^ 
(I. B. Lippineott Company, Philadelphia, 19o6). The g™ u P , . 

Annie Jump Cannon, astronomer-, Libbie Hyman, zoologist; Katherme 
Blodgett, physicist; Florence Sabin, anatomist; Margaret M » • 
pologist. A companion volume by Edna Yost is entitled 
Modem Science ( Dodd, Mead, & Company, Inc., New York - 
Other interest-stimulating reference books arc American Scie , ) 
C 1 Hylander (The Macmillan Company, New York, 193o) and A 
can Men of Science, by J. Cattell <R. R. Bowker Company, New Y° k 


What about Skilled Manpower? Many students with certain g^ ts ° 
their own will eventually become skilled workers and technicians. 

A Fdictj for Skilled Manpower (Sec. 19-8/>), it is estimated that in 
there were between 8 and 9 million skilled workers and about n 
million technicians in the civilian working population of 64 million. 

Students who may become the skilled manpower of the future ' 
require special training for their vocations. When and where shout ^ 
training start? In a regular or a vocational high school? On the job. n 
special night school? Or in a combination of several institutions? 

A thorough discussion of the wise use of our skilled manpower re^ 
sources may be found in the publication of the National Manpo' 
Council, Improving the Work Skills of the Nation (Columbia University 
Press, New York, 1955). . 

And the Others? In the urgent search for science talent there may 
danger of neglecting the gifts and contributions of others. What wou 
happen to any society that singled out its scientists, technicians, a 
skilled manpower only? This country’s resources include potential artists, 
writers, musicians, poets, historians, leaders and workers in governm ’ 
industry, business, and management. Included, too, are people with 0 
special talents but still with unique contributions to make. , 

It seems evident that in order to develop to the full our countr) 5 
human potential we shall need to improve and expand our schools, °P e ^_ 
ing opportunities for further education to all who seem able to p r0 
from it 
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In a democracy, we believe in freedom of choice, we do not believe 
in regimenting people e\ ers to fill pressing needs except in time of national 
emergency. To ensure e flow of future scientists, skifteti workers, and 
technicians, we need to give ell our young people an opportunity to 
develop their special gifts to the full. 

We should demand a full social return from our citizens. This in turn 
implies a full opportunity to each person to develop his special gifts. Soil, 
water, minerals, and energy sources are important. But it is people who 
use them and need to use them wisely. And it is to people we must turn 
for the human use of human beings. 
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Tools for the Teacher 


18-1. Some Solutions and Reagents Referred lo to the Test 

a. Agar Gel. Culture platMj £ labOTto^' f° S^Boil togetl.er 
18-3), or they may be prepared >n the laDoraioij 

and filter into small petri dishes: 


Water 
Agar 
Salt 

Sodium carbonate 
Beef bouillon cubes 


500 ce 
7 1,4 grams 
Vt tsp 
V *sp 
5 grams 


Beef bouillon cuoes 

of a double boiler for 1 hour. Alter 
Sterilize the petti dishes on top ° 

at least 12 hours, sterilize them ajp ■ o] , Q bc sure all organisms 

One dish should be kept covered at. |ion „ f other culture 

were killed during sterilization- t B * cd Sciences (Sec. lMc). 
media, refer to A Sourcebook lor modiBed-irou source <de- 

b. Algae Culture Medium. Chu no. 
veloped by S. P. Chu, 19^-b 


Tabic 1S-1 


Compound 


Calcium niuate . ..wen plm»plw‘c 
Potassium nionoh) ( S h£ J 3 hydrate) 

Sodium carbonate 
Sodium silicate 
Ferric citrate 
Citric acid 


Gram » per liter 
0 040 
0.010 
0 025 
0 020 
0 025 
0.003 
0.003 
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c. Aquarium Cement. For minor repairs this preparation is successful 
because it sticks to glass, metal, stone, or wood. It also seems to resist 
the action of sea water in a marine tank. 

Mix together the following by weight: 


Litharge 10 parts 

Plaster of paris 10 parts 

Powdered rosin 1 part 

Dry white sand 10 parts 

Add enough boiled linseed oil to make fairly stiff putty. Apply to die 

leaks in the tank and allow 4 to 6 days for the putty to harden before 
you fill the tank. 

d. Benedict’s Solution. Dissolve 173 grams of sodium citrate and 100 
grams of anhydrous sodium carbonate in 800 milliliters of water, with the 
aid of heat. Filter if necessary and dilute to 850 milliliters. Dissolve 17.3 
grams of hydrated copper sulfate in 100 milliliters of water. Pour the 
latter solution, with constant stirring, into the carbonate-citrate solution 
and add enough water to make 1 liter. 

e. Brom thymol Blue Indicator. Dissolve 1 gram of bromthymol blue 
in 1,000 cubic centimeters of water to make an 0.1 per cent solution. The 
color of the solution should be blue; add a drop of ammonium hydroxide 
to get a deep blue color. This is a stock solution. 

When the indicator is to be used, dilute it with equal quantities of 
water, i.e., for 25 centimeters of stock solution, add 25 centimeters of 
water. Test the strength of the solution in this way. Blow into a small 
amount of the solution with a straw; within 30 seconds the blue color 
should change to yellow. If it takes longer to decolorize the blue solu- 
tion, add a bit more water, for it is too strong. 

f. Buffer Solution. Add the following salts to 1 liter of distilled water: 


Sodium dihydrogen phosphate, NaII,PO, 28.81 grams 

Disodium hydrogen phosphate, Na=HPO t 125.00 grams 

g. Chlorine Water. Put % gram of potassium chlorate in a small test 
tube; add 1 cubic centimeter of concentrated hydrochloric acid and dilute 
with sufficient water to stop the reaction. The greenish-yellow solution 
formed is chlorine water. 

li. Cobalt Chloride Paper. Saturate pieces of filter paper in a solution 
of cobalt chloride. This water solution is red and the paper is red when 
wet but becomes blue upon drying. Store these dry strips in a closed 
container. Should they turn pink in storage, heat them in a dry test 
tube over a bunsen flame or place large quantities in an oven. 

i. Commcal-agar Medium. Dissolve 15 grams of agar in 750 cubic centi- 
meters of water and heat. Add 100 grams of commeal, stirring con- 
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stantlv. When this readies a boil, add 133 grams of corn syrup or mo- 
lasses' Boil the mixture slowly for 5 minutes. Then pour the medium 
into sterilized vials or bottles and insert a strip of paper toweling in each 
while the medium is still soft. This provides additional space for egg ey- 
ing and pupation. Mug the bottles with cotton or cover with eaps-Tlm 
quantity should make about twenty-five culture bottles, tou may 
sterilize these bottles for 20 minutes at 15 pounds ' P re!su ' e _ , f 

1 Danlmia Culture (Modified Knops solution). Mot 1 gram each ol 
potassium nitrate, motion, sulfate, and 

phosphate with 1 liter of distilled '” tcr precipitate ealeium 

Then add 3 grams of calcium nitrate, inis wiu p r 

phosphate. water „ j )jter of stock 

For immediate use add 5 liters ot „fil nm pntous alcae, allow 

solution. Inoculate the culture medium Abou , 0IJCe „ week 

to stand in light until the water T^h^l-b 0i led egg yolk made into 
add a bit of yeast and a small amount 

a paste. , . . , Jc m-ule in two solutions: Solu- 

k. Fchling’s Solution. Foldings sou sulfate in 100 cubic centi* 

tion A contains 7 grams of crystal [line PP , 0 warm the solution to 
meters of distilled water. It may • mJ 0 f so dium hydroxide 

dissolve the crystals. Solution B con centimeters of solution. Just 

and 36 grams of Rochelle salt in “utlon, A and B, in a 

before using, mix 2 cubic eenUmctcni of each,s 

6-inch test tube. Shake until die mis ^ so ]„tion of the gas fcr- 

l. Formalin. Formalin is an afmw F a Jtodi so l ut ion. 

maldehyde dissolved In water. Tins wW as a preservative or 

Usually a 10 per cent solution is he mos ^ ^ this dilution 
fixative for small forms and also « J cubic centimeters of water, 

by adding 10 centimeters of orro. several hours.) 

(To kill seeds, immerse them m for, add 4 volumes 

When a 4 per cent solution K . (This is really » 1-0 P« 

commercial formalin to 96 volumes of xva 

cent solution of formaldeliy C ;1 tba t ^ bleached when Vltana ’ 

m. Indophenol. This is the “ 0 „ b y adding 1 gram of mdo 

^Shmdddilute.hefrr,^^^^ 

in class. It should take some , in „ test tube. y^^.bbek 

10 cubic centimeters of the 1 containing staren 

When this is added to a substance 
precipitate is formed. 
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This may also he diluted by adding fourteen times its volume of water 
when used as a stain for wet mounts. ^ f _ 

The original solution may be diluted 1 part to 10 parts of water Jo 
very delicate work. 


Table 18-2. Indicators 


Name of indicator 

pH range 

Color change 

Acid Alkaline 

Alizarin red 

( ] per cent aqueous) 

4.0- 5.0 

Yellow 

Purple 

CromcTesol purple 

5.2- 6.8 

Yellow 

Purple 

Bromthymol Hue 

G.0- 7.6 

Yellow 

Blue 

Litmus paper 

4.5- 8.3 

Blue to red 

Red to blue 

Methyl orange 

{ may be used in pres- 
ence of CO, or HiS) 

3.1- 4.4 

Pink 

Yellow 

Phenol red 

0.8- 8.4 

Yellow 

Red 

Phenolphthalein 

(0.1 per cent in 50 
per cent alcohol) 

8.3-10.0 

Colorless 

Red 


n. Limcwnler. Add an excess of calcium hydroxide or calcium oxide 
to distilled water. Cork the bottle, shake it well, and let it stand for 2 
hours. Pour off the supernatant fluid and stopper the bottle to exclude 
air. 

Limcwater should remain colorless; when carbon dioxide is added, a 
milky precipitate of calcium carbonate forms. 

o. Lugo Vs Solution (Iodine Solution). Used for starch test or as a 
stain. Dissolve 10 grams of potassium iodide in 100 cubic centimeters 0 
distilled water. Then add 5 grams of iodine crystals. 

p. Methylene blue Stain. Prepare the stain in this way. Add 1.48 grams 
of the dye to 100 cubic centimeters of a 95 per cent ethyl alcohol. Tin's is 
a stock solution. For use in staining nitrogen-fixing bacteria or other cells 
such as epithelial tissue, use a diluted stain. Add 90 cubic centimeters of 
distilled water to every 10 cubic centimeters of the stock solution of the 
stain. 

First, a smear might lx? made of nitrogen-fixing bacteria. Then tills 
smear is brushed twice over a liumen flame. This process fixes or causes 
tlx* bacteria to adhere to the slide preparatory to staining. After the stain 
lus Ixi-tt applied for some 5 minute's, wash it off by dipping the slide 
Hilo a tumbler of water. Blot the slide dry and inspect it under the mi* 
ctmoope If tlie stain is loo dark, dip the slide into more water, blot dry. 
and inspect it again under a microscope. 
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q. Nitrogen Dioxide Detection* (Sampling and analytical method, 
sometimes called the Saltzm-m method). 

I. Reagents. Dissolve 0.1 gram of N-(l-NaphthyI)-ethyIenediamine di- 
hydrochloride reagent in 100 milliliters of water. Tliis maVes an 01 per 
cent stock solution. 

To make an absorbing reagent, dissolve 5 grams of sulfanilic acid in 
almost a liter of water containing 140 milliliters of glacial acetic aci ; 
then add 20 milliliters of the 01 per cent stock solution and dilute to 1 


2. Sampling and Determination. Draw 25 milliliters of the flue gas into 
50-milliliter syringes containing 25 milliliters of the absorbing reagent. 
After collection of the sample, a direct reddish-violet color appears. Color 
development is complete within 15 minutes at ordinary ompei _' r 
Read in a colorimeter at 540 millimicrons, using unexpose 1 « 

reference. Then compare the readings to a previous y ca i ra 

curve. 

r. Nutrient Solution for Nutriculfure 


Table 18-3 


Salt 

Potassium nitrate 
Potassium sulfate 
Calcium sulfate 
Magnesium sulfate 
Monocatdum phosphate 
Ammonium sulfate 


Grams per liter 

0.550 
0500 
0.760 
0.520 
0310 
0.140 


For other forces and for 
meets, write for Nutria,!, ute (Purdue Um«™ty 6 
ment Station pamphlet S.C. & * 7 0 f p i, e nolphthalein pow- 

s. Phenolphthalein Solution. fc ho] (A lj{tle water 

der in 100 cubic centimeter, of the pmvd „.) 

may then be added but not enongh to Fee p 

t. Physiological or Isetemc SaU S ^ £jgdhw , Dissolve 7 

1. For frog tissue and for ® u "' b f c KnU meters of distilled water to 
grams of sodium chloride in * 

make an 0.7 per cent solution. . Dissolve 9 grams of sodium 

2. For bird embryos or rn3m " 1 f distilled water to make an 0.9 per 

chloride in 1,000 cubic centimeters of cm 

cent solution. Solution. In demonstrations you may " an 

u. Potassium Pyrogalla 

. r the Air pollution control Department of New 
* Developed by Monis B. Jacob 5 
Yorl. City. 
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to plan to use this solution to remove oxygen from the air and thereby 
test whether seedlings grow in such vitiated air. 

Prepare the solution by adding 1 part by weight of pyrogallie acid and 
5 parts of potassium hydroxide to 30 parts of water. 

v. Preservative for Green Plants. This solution to some extent prevents 
the usual bleaching of green specimens. Mix together the following sub- 
stances: 


Table 18-4 


50 per cent alcohol 
Formalin 

Glacial acetic acid 
Glycerin 
Cupric chloride 
Uranium nitrate 


90.0 cc 
5.0 cc 
2.5 cc 

2.5 cc 

10.0 grams 

3.5 grams 


w. Ringers Solution (for frog tissue). While isotonic (physiological) 
salt solution serves a general use in the laboratory, there are times when 
a more exact solution is needed. To prepare Ringers solution, dissolve 
the salts in 1,000 cubic centimeters of distilled water: 


Table 18-5 

Potassium chloride 0.14 grams 

Calcium chloride 0.12 grams 

Sodium bicarbonate 0.20 grams 

Sodium chloride 6.50 grams 

Store in a well-stoppered bottle to prevent contamination. 
18-2. Some Conversion Factors 
Weight 

1 gram = 0.03527 ounce 
1 kilogram = 2.205 pounds 
1 ounce = 28.35 grams 
1 pound = 0.4538 kilograms 

Length 

1 centimeter = 0.3937 inch 
1 meter — 3.281 feet 
1 inch = ZSi centimeters 
1 foot = 0.304S meter 

Volume 

1 gallon — 3.785 liters = 231 cubic inches 
1 cubic centimeter = 00810 cubic inch 
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Temperature 

Fahrenheit to centigrade 
C = 5/9F - 32 

Centigrade to Fahrenheit 
F ~ 9/5C + 32 

18-3. Some Supply Houses for Biology, Chemistry, and Physics Supplies 
and Apparatus 2 


Ainsworth & Sons, Inc., 2151 Lawrence St, Denver 5, Colo. 

Allied Chemical & D\e Corp., 40 Rector St., New York 6, N.Y. 

Aloe Scientific, Division of A. S. Aloe Co, 5655 Kingsbury St.. St. Louis 

American Hospital Supply Corp., 40-03 16S St., Flushing, N.Y., or 
Ridge Ave., Evanston. 111. NW Wash- 

Amcrican Type Culture Collection (bacteria ), -0-9 M st ' N - ■ 
ington 6, D.C. , N v 

Rausch & Lomb Optical Co., 635 St. Fa d S t * . 00 1 ' 

Biddle & Company, 1316 Arch St., Philadelphia 7, 

Biological Bescarcl. Products Co . Blvd. Glendale, CaBf. 

California Biological Serv.ce, 161- W. I “ “ Calif. 

California Botanical Materials Co.. 661 E. Columm » , 

Camhosco Scientific Co., 37 Antwerp St.. Bnghton 3a, Mass. 

Carolina Biological Supply Co., Elon o ege, • ^ jjj 

Cental Scientific Co., 1700 N, Ining Park Bd Chrcago 
Charles Pfizer & Co., 11 Bartlett St. B rooUyB, *• „ 

Chicago Apparatus Co., 1735 N. Ashland Ave Chrcago - 

Clayldams Co., 141 E. 25th St., New York JO. N.V 

Coming Glass Works, Corning, N- - Chicago 40, 1U. 

Denoyer-Geppert Co., 5235 N. Bavensuood Are., S 

Difco Laboratories, Inc., Detroit * * 10 

Dow Chemical Co., Midland, Mic • 4 j^.Y. 

Eastman Kodak Co., 343 State St., ° j^ eW York 14, N.Y. 

Eimer & Amend, Greenwich and ■ 0 An <r e les 14, Calif. 

Erb & Gray Co., 854 S. Figueroa * . ° Pittsburgh 19, Pa. 

FtcTi or Cc-onHfio S.mnlv Co., 139 Fisher BMg. <rrin Falls, 


r.rn & v,ray L>o-, -j. * % „ - . 

Fisher Scientific Supply Co., 13 far*, - - . 

General Biochemicals, Inc., 677 ‘ OT ), 8200 S. Hojtic -* 

General Biological Supply House. 


Chicago 20, 111. ...» st. Louis 3, Mo. 

Grad wold Laboratories, 3514 Lucas A*. J1L 
Graf-Apsco Co., 5563 N. Broadway, Chtag 

, t nnWication but m3 > n 
* Addresses w ere correct at date P 
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Harshaw Scientific Division, Harshaw Chemical Co., 1943 E. 97tb St, 
Cleveland 6, Ohio 

Kellv-Koett Manufacturing Co., 24 E. 6th St., Covington, Ky. 

Kimble Glass, P.O. Box 1035, Toledo 1, Ohio 

Lederle Laboratories, Division of American Cyanamid Co., Midtown lid. 
Pearl River, N.Y. 

Leitz, Inc., 46S Fourth Ave., New York 16, N.Y. 

Marine Biological Laboratory, Woods Hole, Mass. 

Merck & Co., Rahway, N.J. 

Monsanto Chemical Co., 1700 S. 2nd St., St. Louis 4, Mo. 

Nalge Co., Inc. (plastic ware), Rochester 2, N.Y. 

New York Scientific Supply Co, 28 W. 30th St., New York, N.Y. 
Nutritional Biochemicals Corp., 21010 Miles Ave., Cleveland 2, Ohio 
Nystrom & Co., 3333 N. Elston Ave., Chicago 18, 111. 

Oregon Biological Supply Co., 1806 S.E. Holgate Blvd., Portland, Ore. 
Pacific Laboratory Apparatus Co., 3555 Whittier Blvd., Los Angeles 23, 
Calif. 

Polaroid Corp., Cambridge 39, Mass. 

Product Design Co. (conservation kits), 2796 Middlefield Rd., Redwood 
City, Calif. 

Research Specialties Co., 2005 Hopkins St., Berkeley 7, Calif. 

Sheldon Equipment Co., 149 Thomas St., Muskegon, Mich. 
Sprague-Dawley, Inc. (laboratory rats), P.O. Box 2071, Madison 5, Wfr- 
Standard Scientific Corp., 34 W. 4th St., New York, N.Y. 

Testa Manufacturing Co., 418 S. Pecan St., Los Angeles 33, Calif. 

United Scientific Co., 204 Milk St., Boston 9, Mass. 

Ward’s Natural Science Establishment, 3000 Ridge Rd. E., Rochester 
NX 

Welch Manufacturing Co., 1515 N. Sedgwick St., Chicago 10, 111- 
Western Laboratories, 826 Q St, Lincoln, Neb. 

Windsor Biolog)' Cardens, Moores Creek Rd., Bloomington, Ind. 

18-4. Some Suggested Laboratory Procedures 

If students are to be given the opportunity for firsthand laboratory ex- 
perience, the)' must be prepared for it. Students will need to become 
acquainted with their apparatus, to leam its proper use and care. The)' 
will have to handle chemicals — solid, liquid, and gas. Students should be 
aware of dangers, alert to safety precautions, and know what to do in 
case of accident. Young people will soon realize that good technical pro* 
cedures are a prelude not only to safety but to effective work as well. 

Before students are allowed to work in the laboratory teachers may 
prepare them by means of a few (never too many at a time) simple and 
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clear demonstrations. Here are some of the topics with which students 
should become familiar at appropriate moments: 

1. Use and care of apparatus to be handled. (This might include the 

bunsen burner, ironware, glassware, porcelain, etc.) , 

2. Glass working, involving such techniques as Ere polishing and! bend- 
ing. Students can then make their own glass connections as needed. 

3. Handling reagents safely and efficiently, while observing the pro- 
cautions necessary to maintain their punt)'. 

4. Techniques of weighing on appropriate balances. 

5. Special techniques like filtering, evaporating, and reading g 

"T Waste disposal, both solid and liquid, with emphasis on care of the 

s * n k- . . chemicals but when heat- 

7. Safety precautions not only wl : altai nistered might 

ing apparatus. One of the few ra b M t J final chemical) until 
he that no one starts heating a setup ( 

the instructor has approved the : app ira us. t } 10 mo st 

8. Immediate reporting to the teacher of any injury, 

minor one. .enlacing chemicals in proper 

9. Good manners in the laboratory. P up carefully so 

order so that the next student ^ roa ’ inlain i„g enough quiet so 
that others may work in good co 

that thoughtful work is possible for c „ ec autions, an accident may 
What to Do in on Emergency. Desp P are suggestions for 

sometimes happen in the laboratory. ai d in case of more serious in- 
treatment of minor injuries and o Qr one?i are imm ■ 

juries. (In some schools all injur, es, even 

ately handled by the nurse.) , iHotic ointment over the bumeu 

Bums. Apply a nonsensitiang 

area. Cover lightly with sl «^.£““ olo , io „ or similar anUseptiC. 

Cuts. Apply an aqueous Zep . with water. . 

Something in the Eye. Was i P j water, wash wit i P 

1. Acid in the eye. After washing writ 

dium bicarbonate and rinse. ^ an J 

bottle of ammonia water an ” j ize with 5 per cen a 

2. Alkali on the clothes. Neutralize 



Poisons. Since many chemicals are poisonous, the '. best ? 

them all out of the mouth unless directed to taste them. 

kerosene, ether, alcohols, etc., are big > am , j so d a are 

heated over the open flame or boiled a ^ * flamm ab] e liquid 
more effective than water for putting out oil fires. If platc , 

is burning in a dish, the flame may be smothered by putting g P 
an asbestos board, or even a wet rag over it to shut out the a. ^ 
Be sure that you and your students know how to use Ws 

guisher. If a student’s clothes catch fire, he should not run » fo1i 

arms. Prior instructions should make clear that it is best , 

his arms over his face and lie face downward on the floor so 
blanket may be thrown over him and the fire smothered. 


First Aid Equipment for a Laboratory 
Wool blanket (for smothering fire) 

Chemical Ere extinguisher 

First aid kit containing the following: 

Nonsensitizing antibiotic ointment for bums 

Aqueous Zephiran solution (or similar antiseptic) for cuts 

Sterile gauze 

Band-aids 

Adhesive tape 

Scissors 

Tongue depressors 
Limewater for acid in eye 
Boric add for alkali in eye 
Eye cup 

Laboratory emergency chart 

You may want to hang a wall chart near your first aid kit. Such a < char 
may be obtained from Fisher Scientific Co., 717 Forbes St., Pitts urg > 
or to Eimer & Amend, Greenwich and Morton Sts., New York. 


18-5. A Few Added Field Trip Suggestions 

A good field trip, like a good classroom lesson, requires thoughtful 
preparation as well as enthusiasm. Here is an outline which may sugg 
the kind of planning experienced leaders have found helpful: 

Initiating f/ie Trip 

Motivation and purpose 
Making arrangements 
Previsit by teacher 
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Obtaining Permissions 
Principal or superintendent 
Landowner 

Director of museum, industry, etc. 

Parents 

Note to Parents 
Purpose of trip 
Place 

Time of leaving and return 
Cost, if any 
Equipment needed 
Kind of transportation 

Planning with Assistant Leaders briefed as 

Guides, managers, mother or student help* X 

to age and interest level of the group and the goals 

Safety 

First aid kit checked 

Rules understood by students 

Forethought given to danger points 

Transportation double-checked 

All arrangements, including ur,u 

k°Plans for the kind of lunch (individual or group) 

Plans for lunch group 5 
Carrying committees 
Preparing committees 
Cleanup squad 

Alternate Program for Rainy Day 
Foliow-up 

Reports, discussion, conclusions 
Pl ann ing new activities as outcome ol top 
First Aid Kit for Field Trips 
Assorted Band-aids 
Boll of 2-inch bandage 
Adhesive tape 
Antiseptic 

Scissors . cimac 

Naphtha soap for poison ivy. 

Equipment for Field Trip 
Notebooks and pencils 

Nature trip equipment f or specimens 

Containers (prefcntM) P vS'« 

Pulp paper maganneslor - 
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Trowels, vascula, knives, insect nets or sieves 
Field guides, nature keys! field glasses, if available 
Photographic equipment for those who arc interested ^ 

Made ready in advance: terrariums, aquariums, pressi g 
receive specimens 

In addition, these suggestions might be useful: 

For soil studies: Topographic and land-use maps, compasses, sig t- 

ing levels, soil test kits, soil thermometers 
For renter studies: Dip nets, white basins, screw-top jars, t erm 


eters i. 

For forestry: Diameter tape, increment borer BiUmorei 

For ecology: Thermometer or thermograph, light meter, 

eter 

You will find in Sec. 5-2 some general suggestions for fi *| 

trips and in Sec. 9-3 descriptions of sample field trips to the 
more detailed guidance, write for Field Trips: A Handbook 
(Michigan Department of Conservation, Education Division, o' 

Mich.). 


18-6. The Use of Recordings 

If your school has access to a tape-recording machine, you wfi “ 
this a flexible and useful teaching device. What pictures are to 
recordings are to the ear. A half-hour program, student-planne 
-produced, can be completely recorded on one tape and used an 
as needed. . . , e f u J 

Recordings (either tape or disk) have been found particular ) 
in three general ways: . ounci 

1. As an introduction to some unit of study, providing bacKgr 


material and motivation. 

2. In the midst of the unit,' to illustrate facts, concepts, and sknls- ^ 

3. For summation, to round out the concepts and to offer enric me 
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Cornell University- Press, Ithaca, NX ( our issues per >“ r) s lT!eaBets 
of practical teaching suggestions, srrnple and rrnagm . S . 
deal with conservation. In this book we h™ refe " ad . ( ex '" n J'L 
45, no. 1, Conservation: A Handbook for T eachers. Write for P 

of back issues. „ , „ i __ 7_io) . 

c. Eliot, Charles N., Conservation of American Resources (g ^ 

Turner E. Smith & Company, Atlanta, Cn., 19ol, 430 pp. A 

ment of renewables and nonrenewables. Includes “ m * s {or juI j or 
nature's masterpieces, and human resources. Interesting t> > ^ 

high young people, with suggested activities and « ce le " P ^ 0U . 

d. National Audubon Society, Nature Program (grades 7-12, teacnerj, 

bleday & Company, Inc., New York, usually 50 t° 6 = P a S“ 

length, published monthly. May be obtained on a yearly subscription 0^ 
with attractive containers for booklets. This series of beauUfu M 
with colored photographs covers a variety of subjects njch as 
Life,” “Life on the Forest Floor," “Best-loved Songbirds. Write pu 
for list of titles. , y_q) 

e. Parker, Bertha, and others, Basic Science Education Series (grades » 
Row, Peterson & Company, Evanston, 111. A series of several dozen 
ful, illustrated booklets, many of which relate to conservation. Each 

/. The President’s Materials Policy Commission (Paley Report), fleso« r< ^ 
for Freedom (grades 9-12; teacher), 1952. Vol. I. Foundation s for Grow* 
and Security; Summary of Vol. I; Vol. II. The Outlook for Key 
modifies; Vol. III. The Outlook for Energy Resources; Vol. IV. The rro 
isc of Technology; Vol. V. Selected Reports to the Commission, 

g. Stead, William H., Economic Problems of Natural Resource Use (g^. 
7-12; teacher). Joint Council on Economic Education, New York, 1 ^ » 
64 pp. Incorporates a study guide “Thinking and Talking It Over y 
Ceorgc L. Fersch. Well-adapted for unit study, with many meaning 
graphs and charts. 


Teachers and Senior High 

h. Allen, Shirley W., Conserving Natural Resources: Principles and Practices 
in a Democracy (teacher), McCraw-Hill Book Company, Inc., New ^ 0T '• 
1955, 347 pp. A college textbook. A distinguishing feature is the trea 
ment of the policies of natural resource management in a dcmocra 
form of go\emment. Besides the renewables, this book includes a chapter 
on minerals and one on “human powers.” . 

i. Brown, Harrison, The Challenge of Mans Future (grades 11-12; teacher ? • 
The Viking Press, Inc.. New York, 1954, 290 pp. A thought-provoking 
inquiry into the condition of man during the years that lie ahead, written 
by a well-known geochemist from California Institute of Technology- 
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; Brown, Harrison, James Bonner, and John Weir, The Nexf J/imdrrd lrors 
(erodes 1 1-12; teacher), The Viking Press, !nc , New Vorl. 19oi , 193 PP- 
This book, written by three scientists from California Institute of Tech- 
nology, is an inside report based on discussions between leaders rf*™? 
and industry in America The questions raised relate to the Me or death 

k. Calhson,°Chmies H. (ed.), Amerieo’s Natwd teoi.ra-s (grad<ts MS, 

gested natural resources policy. ' Lip ,« ■, reference work for 

istio approach to solutions, this book is invaluable as a reference 

teachers. „ Dimensions: The Measure 

l Carskadon, T. R., and G Soule, VSAm*** The Mac- 

and Promise of America’s Tliis'book, based on De«- 

millan Company, New York, 19o , ~ } ' ] an «n, a ge and graphic lllnstra- 
hurst's survey (Sec. l9-2n), sho ' vs ‘ ft 1S distributed with the 
tion some of the highlights o Voundation, Inc., Westport, 

compliments of the Calvin K. Kazanjian 

Conn. _ atm- Economics and Policies 

m. Ciriacy-Wantrup, S. V., R'somc ConsmrtOT ^ I951 3,5 pp . 
(teacher). University of California - rMQ|irce interrelations from a 
This book focuses on general P"* ,e ™ present economic forces to the 
new approach to conservation and relate* P 

success of our democratic society. , ica ; Needs and B< '” l,r f l 'sv,v 
n. Desvhurst, J, Frederic, and ° lh “V T 4 Twentieth Centurj Fund. New 
New SuroW (grades 1W ; tSeal information on the p»i- 

York, 1955, 1148 pp. llighly derfed^“ im, „ nd consump - 
tion of American economic ’ P , ion requirements (food. . <*> » 

ing atomic and solar energ>) *|f rc *I A 

tingnished in his field. . (g^dcs ll-l— rtC ' * iof) s nn(J 

p. Higbce, Edward, ogi pp. A detailed ^ deals not 

Knopf. Inc., New York, United Stales T*** rca<1crt 3 , 

of the principal farming areas f Qf intcrr <i lo g 
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q. Hogncr, Dorothy C ‘' i ‘. i ' i|j j ( ,l„hia, If® 


the farmer ami .. ^menew ih i. of wW* 

Dorothy Chads- on pp. ^retmful. 

U^ineott Company. 

the author writes is firsthand 
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Gives a panorama of American conservation from the distant past into 

the future age. n 10 

r. Ordway, Samuel H., Jr., Trospcrity beyond Tomorrow (grades 1H-; 
teacher). The Ronald Press Company, New York, 1955, 208 pp., with a 
foreword bv Paul B. Sears. A readable discussion of the relationship ol 
human, social, and cultural objectives and industrial expansion to the sup- 
ply of natural resources. Points up the leisure resulting from a prosperity 
based on abundance and develops an “ethic for the age of leisure. 

$, Osborn, Fairfield, The Limits of the Earth (grade 12; teacher), Lttt e, 
Broun & Company, Boston, 1953, 238 pp. An outstanding book about 
natural resources in all parts of the world and their relation to population 
and the present world situation. Contains useful information about man) 
countries and makes the reader truly aware of the “limits of the earth. 

t. Parson, Ruben L., Conserving American Resources (grade 12; teacher), 
Prentice-Hall, Inc., Englewood Cliffs, N.J., 1956, 550 pp. A broad survey* 
by categories, of America’s resource heritage, with ideas for improving 
its usefulness through intelligent conservation. Besides the usual items, 
this book contains discussions of the wealth of the sea and of minerals, 
teaching aids, and a detailed bibliography. 

u. Strauss, Michael W., Why Not Survive? (grades 11-12; teacher), Simon 
and Schuster, Inc., New York, 1955, 272 pp. A rather complete coverage 
of renewable and nonrenewable resources, including newer subjects suen 
as solar energy. Offers a philosophy that, with recognition of the need for 
conservation before bankruptcy arrives, America can continue its leader- 
ship toward rising levels of living. 

v. Thomas, William L. (ed.) t Man's Role in Changing the Face of the Earth 
(grades 11-12; teacher). University of Chicago Press, Chicago, 1956, 
123 1 pp. Contains fifty-four chapters by fifty invited experts on suo* 
subjects as the influence of fire, deforestation, soil erosion, tillage, irri- 
gation, mining, urbanization on the land; gives accounts of floods, earth- 
quakes-, discusses ports and channels, etc. A massive, encyclopedic vol- 
ume, relatively inexpensive. Of value to all teachers of conservation, ge°?' 
raphy, sociolog)-, and history. 

w. Tuleen, L. F., W. L. Meuhl, and G. S. Porter, Test It Yourself! (grade 5 
7-12), Scott, Foresman and Company, Chicago, 1941. A laboratory 
manual of unusual experiments, such as soil testing, food analysis, prop- 
erties of fuels. Especially suited to project work. 

19-3. Conservation Education 

Materials relating to conservation and resource use are issued by many 
branches of the U.S. government, including the following: Bureau of Mines; 
Bureau of Reclamation; Department of the Interior; the White House Execu- 
t»vc Office; Senate and House Committees of Interior and Insular Affairs; De- 
partment of Health, Education, and Welfare; Tennessee Valley Authority; 
Rural Electrification Administration; National Park Service; Forest Service; Soil 
Conservation Service; Fuh and Wildlife Service. Department of Agriculture in 
general. Agricultural Research Service. Bureau of Land Management. Atomic 
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Energy Commission. Materials issued by government agencies arc available 
from the Superintendent of Documents, Washington. 

Increasing numbers of state departments of education arc issuing conserva- 
tion teaching guides. At the end of Chapter 2 win be found a short listing. 

a. Clark, Wilson F., Corner ration of iVnitirn! Resources. Conservation Edu- 

cation Association, Eastern Montana College of Education, Billings, Mont.. 
1956. Although written for Montana teachers, this booklet “ nl ains m re 
than 125 demonstrations and protects ol use to teachers *”!'* ■ 

b. Conservation and Nature AcHuilies, Audubon Society- rf Can* ™ 
ronto, 1953, 256 pp. A guide (or elementary teachers so 

servntion into all Subject areas. 0! intetest also 
pupils. Describes specific school programs wi e p ^ 

that give student something specific to o. Co " c An cxcc Hcnt 
rapl.yand an unusual chapter. Seventy-seven Nature Carnes, 
book to assist with activity-centered t«ch.ng. ohi o ^ Univcrsity Press, 
e. Conservation Education for American * conference on objectives 
Columbus, Ohio, 1950. 35 pp. A report »f .- 

and content of conservation educabon tor W e. 

ing out all sides of conservation an nr* h k Washington, D.C.. 

d. Kauffman, Erie (ed ). The Commotion ^ ^i,. 

1958. A directory and guide to agencies. wth conservation 

lions, foundations, and other or 8 a, '”j\ f [ an d figures in all fields of 
of renewable resources. CK« up-to-date Facts b 
conservation. , Trachlno High School Science: t 

e. Morholt, E., F. Brandwein, A. Joseph, . ch f r ) Hareourt. Brace and 

Sourcebook for the SlohglcJ Sn, W » < ' wlK | procedure »l 

Company, Inc., New York, «« ^ eral science and biology, 
techniques for the teacher a _, t jon implications. 

‘ Be 

with other school subject , Teaching of V , c Danville, 

ft. Weaver, nichard L, r.intcrs and *“■*£,' '£j£,ec ef 

source Use (teacher), I" , National Comm the 

IU„ 1955. 499 PP- ^ rC ? a „ [ Biology Tetchy Renewal* .«- 

the Notional *»**““’ D " l ‘ 

American Nature Stu 1 orfua y activities t to Natural ilc- 

sources and describes classroom Act c {Purchase 

<• "W- £S - ~ 
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taming simple projects and demonstrations that can J ,c “ u ‘fl! 

classroom by bringing in materials from out of doors. q> P ^ 
involves no cost. Includes experiments for all grades from 1 to - 

19-4. Some Useful Bibliographies Including Free 
and Inexpensive Materials 

Free and inexpensive materials are so numerous that only a few 
are included in this bibliography. Each teacher should obtain copies 
following references for locating this type of material. 

a. A Bibliography of Conservation, National Wildlife Federation, ^ ^ ,in =\ 
ton, D.C. Mimeographed lists of books, booklets, teaching ai s, 

filmstrips. _ stated 

b. Bibliography: Outdoor Education ; and School Camping. An am 

bibliography of periodical articles, 1950 to 1956, available at . ic _ 
State University Library. . . 

c. Burda, E. J., Applied Solar Energy Research: A Directory of " orul * 

tivity and Bibliography of Significant Literature, Stanford Rescarc 
stitute, Stanford, Calif., 1955. . „ i 

d. Burroughs, R. D., Where and How to Obtain Free and Inexpensive d 
letins. Books and Visual Aids, Education Division, Michigan Depar 

of Conservation, Lansing, Mich., 1952. A carefully prepared bib 10 S ra P^ 
with more annotation than most lists of free and inexpensive ma en 
Also contains much helpful information on how to obtain materials ^ 
governmental and private sources. Grade levels are indicated on muc 
the material. , 

e. Clark, Wilson F., Selected References on Conservation Education 1 
Teachers and Pupils, Conservation Education Association, Eastern » 
tana College of Education, Billings, Mont., 1955. This hibliograp y 
material for use in both elementary and secondary schools. 

f. The Conservation Directory, National Wildlife Federation, Washing^^ 
D.C. A listing of organizations and officials concerned with the pro ^ 
tion of wildlife and other natural resources. The public agencies o n 
tional, state, and territorial governments of the United States are 

as well as those of neighboring nations in North and South America. ' ^ 

of the nongovernment organizations within the United States that 3 ' 
a national or state-wade scope of interest are also included. 

g. Free and Inexpensive Literature Relating to Atomic Energy, Educa 
Section, American Museum of Atomic Energy, Oak Ridge, Tenn. 

h. National Association of Biology Teachers, Materials for Teaching ® 
servation and Resource Use , Interstate Printers and Publishers, D3n' e ’ 
111., 1958, 55 pp. This useful bibliography, an enlarged edition of N ,in ^ 
Beuschlein’s Free and Inexpensive Materials , includes the following 
sources: private industry, nonprofit organizations of all kinds, governm 
sources, state organizations, and lists of films and filmstrips. 

i. National Research Council, Catalogue of Publications, National Aca cm) 
of Sciences, Washington, D.C. This pamphlet lists those publications ofl_, 
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noting in or sponsored by the National ^ j griCT1 ltore. 

ently available for general distnbuhon. g manpower, 

chemistry and biochemistry, earth serences, food 

nuclear science. ,j. u Outdoor Education As- 

/. Outdoor and Camping Education «»r periodicals, pamphlets. 

sociation, Ne,v York. Mimeographed lisB ol 

bulletins, unpublished materials md „ -Control V* 

k. Stead, William H., Corcmmcnt Puhlm««o ^ ^ rMC ,, OT In t/.o 
Library" to Supplement Otbor Mot & / ic Education. Itesource- 

"Hcsource Use Project " Jomt I Counrf of »n to_ g by agenda 
use Project, New York, Mod- sHth good descriptions of »n 

and by types of resources. Vf 
tents. 

19-5. Renewable Resources 

Water (See Also Soil) /gnulcs 8-12 ) , J* P- 

a. Carhart, Arthur «;• ]iy N . Dailmg 

cott Company, Philadelp i ■ ttaJ , water, tl'W b ■ 

says, *ff you want to read a to ( ,„ m /hr <*« • York. 

b. Ellis, Cecil B.. and fjoj.The Ronald Pros Co aj „„ 

dustry and Irrigation (g methods (up 10 , t j, ,},<• most r««'» 

1954 020 pp. Discusses h supplemented Interior 

wat to fresh. This *" 

report on saline water cc ' (grades nL ] n eaturtu. "here 

Ese n tf”oHds' r ° ' B. Van 1" 

d. Graham. Edward, and ^ j Un |>rr.it)JW ^ the Intm- 

(grades 0-12: origin and >■"«* »' ™ bli „g about cm,- 

pp. A brief summary of 'h^ * a cilW" 0 , water: with pl»* 

dependence of all chapters o" a" P 

serration of water. FifU (grade teacher), 

tographs. , Waller B. tog ^ (pg pp. An impaitm am 

c. Hot! William G~ »■>”,, Prince™- KA * JJ >he UJS. Cm**'"' 

Princeton UnW^J^ ^ member o! the . 

thorongl. report on Va ,„ r (grades tell- 

, Samson. 'V»'"' W S!. ® •nS’STiSSl- and k*- 

'™ 8 "7 we study of lm>" ■>»"• ,jn ' 

^mnlt'cmitro'cmy 0 
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h. Hicilman, S. n.. Water /or People (gratlM 7-9), Hcniy Sclmman. Inc., 
Publishers, Xcw Vorl, 1952. I ll pp. Water ami its influence on We. 
utilization of water, water power. Also simple experiments, 
f. U.S. Department of Agrietdfure, Water, The Yenrlxjok of Agriculture 
(grades 7-12), 1935. 752 pp. Contains a wealth of information on all 
aspects of a subject that has become a major national concern- 


Soil (See Also Water ) 

j. Bennett, Hugh Hammond. E/crncnf j of Soil Conservation, 2d cd. 
(teacher), McGraw-Hill Book Company. Inc., New York, 1 93a, 335 pp- 
Written by the chief of the Soil Conservation Service from 1935 to 1331* 
Discusses the more important aspects of soil and water wastage and the 
outstanding methods of soil and water conservation. Bibliography an 


list of visual aids arc excellent. 

k. Brink, Wellington, Big J/ugh: The Father of Soil Conservation (grades 
10-12), The Macmillan Company, New York, 1951, 1G7 pp., ' w "th a 
preface by Louis Bromficld. An interesting and informative biograph). 
A good chance to work in outside reading in English or social studies- 

l. Bromfield, Louis, Pleasant Valley (grades 10-12), Harper & Brothers. 
New York, 19-15, 300 pp.; Malabar Farm, ibid., 19-18, 405 pp.; Out of the 
Earth, ibid., 1950, 305 pp; From My Experience, ibid., 1955, 355 pp- 
These widely read books deal with the transforming of the eroded 
Malabar Farm in Pleasant Valley into a farm with excellent productivity* 
They nil! be found in most libraries. 

m. Cook, J. Cordon, The Fight for Food (grades 9-12; teacher), The Dud 
Press, Inc., New York, 1957, 20S pp. Tells what modem science is doing 
to meet the food problems of the world and how science can help in ever) 


aspect of food production and conservation. 

n. Harris, Roger S., and Harold E. Jones, 4~ff Soil and Water Conservation 
(grades 7-12), University of Minnesota, Agricultural Extension Division* 
St. Paul. Minn. Single copies free; not available in quantities. A simple 
discussion of soil, keeping it productive, and controlling erosion . Con- 
tains many simple soil demonstrations that can be done in the classroom- 
Although some of the materia] deals specifically with Minnesota, most of 
it is applicable anywhere. 

o. Kellogg, Charles Edwin, Our Garden Soils (grades 10-12), The Macmil- 
lan Company, New York, 1932, 232 pp. A book about gardening soils, 
not gardening in general. Gardens include the “kitchen," flower bed, 
lawn, trees, shrubs. Gives valuable tables, maps, and tests to help find 
specific soil-plant combinations. 

p. Low, Julian \V., Geologic Field Methods (grades 9-12), Harper & 
Brothers, New York, 1957, 489 pp. A do-it-yourself guide that makes it 
possible for the field tyro as well as the field veteran to follow the step- 
by-step procedures. Contains a chapter on living and working out of 
doors. 


q. Sherman, Robert, Life and Death of the Soil (grades 7-12), Modem 
World of Science Series, Science Research Associates, Inc., Chicago, 19>3. 
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43 pp. The story of land and its importance to An j"'™ 
thought -provoking booklet, written in a conversatronal style that 

hold the interest of young P™ple- Scoots of America, New 

r. Soil and Water Co nsermtirm (grades 6-1- • bo; 

York. A merit badge booklet. Tow malcnal, *™P>> P^'tentiee-Hall, 
Stallings, J. I... Soil-use and tap?*™* ‘^f^Ligh designed 
Ine., Englewood Chits. N J, «... « [ ^ s „„ Jcellcnt ref- 

for vocational agricnltnral courses, may well sene 
crencc for general science and conserration. , 2 , g g Conserva- 

I. The Story of Land-lts Use and Jto.se (grades 

lion Society of America, Do Moines. Iowa, «». 16 pp. 

Less when purchased in (pjantity. Yearbook of Agriculture 

tr. U.S. Department of Agriculture told, no . a wesd* of useful 
(grades 7-12), 1938, 636 pp. »£“ v | m mc„. programs In- 

inromiation on such topics as a future need for food 

dian lands, highways, coning and planning, 
and fiber, conservation. 

Forests , n.oi tb, Lippincott Com- 

c. Carliart, Arthur, Son of (lie Forest fe»j“ ' one -time member of 
nany, Philadelphia, 1952, ®M PP- Good story 1 . )em , m a western 

the U.S. Forest Service, about IP^lJ conservation messages, 

national forest. Contains authentic »> 

Recommended reading for tcen-agr . Considered by 

Timber in Your Ufa (gmdes S* ™ 

many professional (ores, cm their solution. Written m 

current forest conservation p (grades 

informal, chatty style. D brush, Knowing ,955, 312 

to. ColUngsvood, C. H„ and "“".Ration, JVashtngW, * 162 

6-12), The American Forestry 

pp. Tills nesv edition of a then leaves bads e «, n „mlc 

of the most important t ecs Mch Bee, mm. ^ 

Text describes range an 1 ]u ., t Bee .denuS American For- 

portanee. Considered one oft (grades 7 1 ^ booklet with 

a. Forts about the Nation r Tun Wasllingl „„, D.C., 

est Products I ndu!, "“;„ rlI ,»'tion. , , New York. Me"> bad S 5 

helpful, nontechnical '" r sw „ts ef »” ' ^ 

y. Forestry (grades i ’" 1 ^’ . u,,lrri>'. S ”'’F, > P 7 _!2), University of Okla- 

J booklet no. 3301 & & a aid for an op-toJate 
a. Frank. Bernard, 0»r ,935. M» Wj^.y dlusBated . 

homa Press, No"""' um n\ (<»““ ” of America (grades .-l->. 
accounting o “J **, "toTS* » pp. Facts •*«*»£ 
no. Lemmon, Bober' S~ ‘ N«w %'k ^ nontechmcal. Ex 

Doubleday ^ 7^- °£Tj, cydc for each bee. 
nine native trees m entire y 

cellent photograp 
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value’ o( our forests, with a strong plea for *<« P™'£*£ ’ dnc Uni . 

«. Reed, H. J„ Par due Forestr;, MM- 7 ^ mpH cU 

versify Agricultural Extension Serv.ce. LnfajettelmUin o( 

include 4-11 Club forestr)’ manuals as well as man) spec., 1 

‘HrWJ&wWS "*** 5 

servation with various subject-matter areas from grades 4 to .14- ’ ^ 

ff. U.S. Department of Agriculture, Trees, The Yearbook = . (or . 

(grades 7-12), 1949, 944 pp. A rich source of information o 

csls, and wood lots. . r nrcstru <n 

pa. U.S. Forest Service (teacher). Suggestions for Jnfcgra » Qonserva- 
g ° the Modem Curricultim, 1940; Malarial* to Help Teach For» tC^ ^ 
tion, 1949. Other conservation teaching aids arc available to 

Mi. Zta, W Herbert S„ and Alexander Martin Tr “» (grades 

and Schuster, Inc., Nesv York, 1052, 157 pp. Illustrates 140 1 sp« 

trees. Brief nontechnical but scientifically accurate discussion, 
series sponsored by Wildlife Management Institute. 

Other Land Cover 

,’|. Dickinson, Alice, The First Book o/ Flouts (grades 4-7), Franldm • 
Inc., New York, 1953, 93 pp. An excellent introduction to plan , 
microscopic to high towering ones. Striking drawings. Ne j_ 

if. Riedman, Sarah T-, Grass: Our Greatest Crop (grades o-9), Thom * 
son & Sons, New York, 1952, 127 pp. An outstanding story of the gT 
familv. Teaches young people that grass is the indirect source ot 
that it should be protected and encouraged to grow. Unusual > 

JcJc. U.S. Department of Agriculture, Crops in Peace and War , The 

of Agriculture (grades 7-12), 1950-1951, 941 pp. Note especially 
two sections To Keep Us Well and Waste Not, Want Not. 

Crass, The Yearbook of Agriculture (grades 7-12), 1948 > ® 92 
included are, among others: Crass in the Nation's Life; The 
Major Resource; The Search for Better Grass; Crass in the Ten Regi 

Wildlife (Including Ecology) ^ 

II. Allen, Durward L., Wildlife Management (grades 6-12), Boy Scou ^°j 
America, New' York, 1953, 95 pp. A merit badge booklet. Highly rega 
by conservationists. Emphasizes improving habitat. 
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i. Black, John D., Biological Conscrrafian (grade 12; teacher) The Blali- 
ston Division, McGraw-Hill Booh Company, Inc., tot**, 19d '• fr" £ 
A college tevtbooh- with particnlar emphasis on wddUe “ n 'f va '“ ^ 
lated to environment. Dismisses sod, water, forests. S«*”* «* ”? 
other aquatic animals, birds, mammals. Contains an 'f‘°' 

raphy and Elm guide. Very useful to teachers and advanced e h s 

,. Buchsbaum, Rdph. and MMred Bochsbaum. torn toto^gra ^ 

10-12; teacher), Bovwood Tress. Pittsburgh, 19o7. ^ 

invaluable introduction to ecology, giving a concise 1ronmcnt . 
tionships between living plants and a ”™***“ ( cr ades 6-9), Abingdon 
). Buck, Margaret Waring, In Ponds an S metures of flowers. 

Press, Nashville, Tern,., 1935. 72 pp. 

ferns, insects, fish, and other animal life in grades 7-12. teacher), 

p. Eschmcyer, R. W„ bond. Water, end *■“*<£*» 7 
Sport Fishing Institute, Washington. DC., 19 , PP 

i / j c 7 _lo teacher), diid., l95->, 
Fts/i Conservation Fundamentals (S rae students and for the 

30 pp. These two booklets for secombuy ^ Dr . 

teacher help to fill a need to edurationa TVA. uas even.- 

Eschmeyer, for 12 years chief *^***fi^ his death in 1935 
the vice-president of the Sport Fis g j 11-12; teacher), The 

q . Gabrielson, Ira N, ** 

Macmillan Company, New York, M Pi 

tion on wildlife conservation. American WMIll' an if rimu 

rr. Martin, Alexander Campbe h and o*e«. Amort ^ ^ A 

(grades 10-12). McCraw-lIdl Bod w«ds, and herb by 
guide to wildlife food habits; t eu spared under the direr 
birds and mammals of the United S ,a,es m P 
the U.S. Fish and Wildlife , d es 7-12). C “ £1 ”f 

as. Moore, Clifford B., Book o/ « M 'fcitifieation and 1* Il- 
ford Company, Boston, I , of animals In the c as ^ 

ton Mifflin Company, Boston. , ■ ^ brevity- «•, B. 

„u. r ° r " ,r “ c 

eu. Peterson, Roger T, a"d ^“vashington. ftma 

-h *• — 

the Wildlife Stamp »" • ^ (grades 

and area. , ,y f b of ^ e: ., „ y or i- 1953. 144 pp- Also a Sig* 

tie, Storor, John H-. Compa")- p^hl Osborn. rsnW’V Ibc 

S— 12), The Dcvm-A'h | urtl «n by 

net Key book, »r.h »» 
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19-6. Nonrenewable Resources (Minerals) 

Resource-use material in this area is not as plentiful as in ^othe, mi 

servation. Probably the best and most up-to-date inform 

older pnpib is ,0 be found in go— > ^"d « Fu^ Li Prole 
of Mines’ Minerals 1 earhook, \ ols. I, II, and *“• " Commissions 

Ients. Another good source is the Presidents Matena 

report, Resources for Freedom, \ ol. I through V ( . • ^ free mnte- 

This is a field in which you may wish to male cst o" s , on l y booV- 

rials. Many commercial organizations and mdusUics will fu 
lets free, hut also filmstrips and other visual aids. 

a. Fawcett, Raymond, Cod (grades 3-9), Where Doer 11 C °™^ r ° D j how 

Robert Benchley, Inc., Boston, 1933 48 pp. de Rom it- 

coal was formed, how it is mined, and how by-products are 

Oil, Ibid. Story of ott around the world. , r a rth 

b. Fenton, Carroll Lane, and Mildred Adam Fenton, Riches 1 ram <h« | 

(Eradcs 5-9), The John Day Company, Inc., New W i. 

Probably the best general discussion of minerals for older e 

and junior high students. In addition to common fuels it covers 
other minerals such as salt, talc, tungsten, uranium, zinc. 

Rocks and Their Stories (grades 5-9), Doubleday & Company, Inc., N=£ 

York, 1951, 112 pp. Answers questions about most of the import 

and minerals in clear, nontechnical terms. 7-12), 

c. Loomis, F. B., Field Book of Common Rocks and Minerals (grades 
G. P. Putnam’s Sons, New York, 1956, 352 pp. Identifies rocks and 
erals of the United States and interprets their origins and mea ™, ng * a ter 

d. U.S. Bureau of Mines, Mineral Facts and Problems, 1956. An Bo-c 1^ 
summary of the essential facts and problems concerning many nu ^ 
resources. Available in reprints of separate chapters and also in a 
volume. 

Mineral* Yearbook (published annually). Vol. I. Metals and 
a compendium of all the latest facts of production, prices, new m , 
etc., with respect to minerals. Vol. II. Fuels, covers the fossil fuels l - 
peat, petroleum, natural gas, etc.). Vol. III. Area Reports discusses 
mineral situation, primarily by states. . 

e. Van Raven, William, and Oliver Bowles, The Mineral Resources of 
World (grades 10-12), Prentice-Hall, Inc., Englewood Cliffs, N.J., 
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181 pp. A very complete atlas - « 

SSL^STSaS^S U H, a discussion of — 
social, and political implications. f^des 11-12), McCraw- 

}. Voskuil, Walter H. Minerals in M « rW In [*l?L Tales the reader 

Hill Book Company, Inc., New \ovb J ; * ' 2*ntiv through the 

step by step from the functions of "nd extent of the uorld* 

interests of the United States m e , cum natural gas. allmute 

mineral resources. Discusses non, coal, r l |umi materials, 

fuels, copper, lead, zinc, aluminum ami «n k 

mineral plant food, and sulfur. Piulman, Ho* l '"‘ l ,! 

g. Zim, Herbert S„ P. B. Shaffer, and R. Per» ^ ^ phis small 
(grades 7-10), Simon and Schuster . an j Binera ls. East' 

volume is of help in identifying and classd,mg 
to use in the field. 

19-7. Energy Sources Some"' Thc 

a. Ayres, Eugene, and Ci'atl^ A. ^^O ' ^ Company. Inc-' ^ ™ 

of thc World (grades 11-18). ion’s and tl.c world s encro 

(gmdes S-i,. - V,Un S P- 

c. Billings, Henry, All Do.cn the , 

Inc, New York, 1952. 203 pp. Stmy M o), ItonM 

d. Blselrof, George F, 1" cl™- a 

Company, Inc . New York, «b W Uses simple 

plai the h,isierrineip es ) 0i»;- icn (or ;tw „g people. 

student can perform. Al S . | rt r- 12), Me* 

older readers also. Trulou end Tomorrow | ‘ p^onitritr* 

e. Hyde, Margaret O, Merer TW ^ HI# • ^ ,, 

Graw-llill Book Company I w „ f used simple >0- 

what atomic energy •*» . peacetime 11 

expected in the near futu-c fflustiatK**. Sclent 

tabular)', careful <*P ,an f , . „ atomic Energy . atnn iir 
f. Lesvcllen, John B .951. *> PP^S‘„« ami contol 
Hcsearch Associates. Ino. ftim a<v. r’" 

nuclear Bssion,opem0on ' r . !p , i , Ir ,sa.1., We. s „ Yd. 

of atomic energy. ,aslIU . , . v'nrmf. * nC - . 

. . . .j^« 5-9). At* rr ° r 


nuclear Rssion. op 0 ^ ^ po{ j e ^il.itKr. y<aV . 

of atomic energy. *"*• ^ ^ A . Kd&S, „,,nd the 

The Mighty Atom. iW ‘ |] . P r ” R . bonk toWp I’"”'” ^ 

1955. 39 pp. An unusu.i . <f»drt .-I- • 

atom. . prop!** I* 00 *" c ' A 

;. Potter, BobcrtD,10“”P r "^ 
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^ . .. „ v «rV IQ^ 001 pp. Contains funda- 

Dodd Mead & Company, Inc., New 'V ^ P Disetlsse s uses for 
mental data necessary to understand, ng Ac f"'"^ s tndcnts. 
peace and war. An outstanding book for secon ^ ymj (grades 

Ii. Schneider, Herman, and Nma Schne, Discusses power 

VS1 William B. Scott, Inc., New Tork, la>J, PI 
^duced by wind, sun, water, electricity, and atomm e^rg, ^ 

I . Smith, F. C. Walton, and Henry Chapm The Sun I s A 

rote (grades 10-12), Charles Scribners Sons New YoA, « V, 
fascinating book on the potential sources of food , ® , brought 

from the sea. Relation of food and fuel to the sun . a c.eary 
out. Discussion of energy use, abuse^and re n ' Corporation, 
j. The Atom in Our Hands (grades r-la), ni , c ] CT rIv pre- 

’ New York, 1935. An outstanding booklet wad, l, me* 

seated. Gives insight into an atomic plant and sties \ P 12) Duel 
h Williams, Albert N., The Water and the Tourer rf 

Sloan & Pearce, Inc., New York, 19ol, 3S>, pp. ob lems facing 

the five great rivers of the West. Shows the gr ? industrial, and 
citizens when water supplies dwindle and municipal, in 
agricultural uses increase. 


19-8. New and To-be-developed Resources 

The Gifted Student as Resource Developer j 

o. Association for Supervision and Curriculum Development, 

Leadership, January, 1956, National Education Association, \ j ^ 
D.C. The entire issue of this periodical is devoted to the su j 

Curriculum and the Gifted. . Marcourt, 

b. Brandwein, Paul F., The Cifted Student as Future ScMM,** . , 
Brace and Company, Inc., New York, 1955, 107 pp. This j n 

for teachers and administrators who are working out a pr ® ptyp c 
science for gifted high school students. There is also discussion o 
of teacher who appears to be successful with students of high 7 

c. Cults, Norma E., and Nicholas Moseley, Teaching the Bright and 

Prentice-Hall, Inc., Englewood Cliffs, N.J., 1957, 26S pp- f wiun 

are defined as “those whose performance in a worthwhile type ' ° 
endeavor is consistently remarkable,” regardless of any arbi ary 
score set as the criterion. Mian A 

d. Havighurst, Robert J-, Eugene Stivers, and Robert F. e V 
Surrey of the Education of Cifted Children, Supplementary Moriogr^ 
no. S3. University of Chicago Press, Chicago, 1955, 114 pp. This su ^ 
can provide valuable assistance to those who wish to keep a rea ^ ^ 
the variety of activity in recent years concerning gifted chi ren. ^ 
longest part of the survey summarizes the major details of fort) * '® T ^ 
grams for serving gifted children. Also included is an exceuen 
ograpby. 
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c. Jewett, Amo, ™<1 others. Teach tag Rcf'd mi Shut '"""’Z f. ” h 
Schools (The Status of Adaptation in Junior Senior, and “ S 

Scliools Strolling More than 300 Pupils), US. Department of Health 
toi^Twelfare, DulleUn no. 5, 1984 97 Jj* 

in tabular form, administrative pensions for rap d and dowfcamtrs, 
techniques used in discovering them, and instruchonal p 

Passotv, Harry, Miriam Goldherg. ” d p ,S 

French, Planning lor Talented ioiin. o ^ j,i 3nn _Lincoln 

Schools, Talented Youth r '“l crt 7“ b! ““ ftbhcations, Teachers 

Institute of School Experimentation, g5 This pamphlet 

College. Columbia Unimsity. New lorh, 1 * PP^ tLe develop- 

summarizes past research In den i /tj a bibliograp h y . 

ment of educational programs to Ficcllence: Education and 

g. Rockefeller Brothers Fund, The Pursuit I E studies Prol ect, 

the Future of America. Panel Report V o Nhe Sp«t „„ 

Doublcdav & Company, Inc-. bew or , wise w use its own talents. 

ability of a free people to identify, trust* . , (Ml cj Your fu- 
ll. Spencer, Lyle M., and Ruth Dunbar. I 1936 , 48 pp A 

tcllinencc. Science Research Associates, tt. t secondary pup*. 
Life Adjustment IrooUcL Written . sty ^ «„den,s 

this booklet is highly recommended for re ^ S ^ tov they can 
themselves. It will assist greatly in making 

best use their special abilities. Scientific Careers: Vocational 

t. Super, Donald, and F » u V B “^ Lw Press, New York. 195J, >3fPP: 
vehpmcvt Theory, Columbia Uni ^ of re scarch in the fie 
This monograph is a rev.ew and cnbq, ^ If!earct approaches m 
scientific giftedness. The auth , 0r , ^ ent theory. . Gifted 

the light of current vocational dev* p . Association for 

/. Witty. Paul (ed,). The 

Children, D. C. Heath and ea[1ings ar e Progress m ‘ 

by various authors. Typ lt * c P , , The Teacher of G e j the 
the Gifted, identifying CUte> OM** ^ 

Mental Hygiene of Gitf ciIt ed Students, Admuustia 

Gifterl, A High School of Seen m 

Problems in the Education of Giiteo 

Career Guidance in the Field of R . en d of this section, 

In addition to the government may be rftafian 

information on conservation car En2 ineers; from the g ec Lmation, 
Department of the Amy, Corps °! „ 0 X of M*“- Department of 

Affairs, Bureau of Land Management » , pjr] . Service »f the Scrvic c 

Fish and Wildlife Service, and , N “ , Security and the Empl ) j yYel- 
tl.« Interior; the Bureau of EmP^” 0 'f Health, Edurti“n 
of the Department of Labor; the Depart* ^ Departmen , of Sta 
fare; and the Public Service Departme 
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ment, New York, 1958. The purpose of tins P^phlet 1 

decide on a career in engineering or ,n n related field 
are interested and have the right : qualifications. Department of 

I Rnn-nutrhs R. D., Careers in Conservation, Michiga P 

Conservation, Lansing, Mich., 1956. This pampMei ™' VCI ” t? what 
tions as: How can I get a job in the and 

must I do to become a conservaUon officer? H °“ m “ C ? workers, 

what land is required of Department foresters, fish and game 

forest fire officers? . iq --7 For the 

m. Career in Atomic Energr/, Atomic Energy Commissi 10 , • 

student who is attracted to this new field on lh i scle "“ ,, Enta nce 
Cole, Charles C„ Jr., Encouraging f ^ Seriods “ble 

Examination Board, Princeton, N.).. 19o6. A study 0 college 

students who are lost to college and of ways of attracting 

and scientific careers. 1 c„,Vnre Teachers 

o. Encouraging Future Scientists.' Keys to Careers, National Scion 1 

Association, Washington, D.C. This is an annual bibhography-"^ .1 
career-guidance booklets and films in many scientifi p pro . 

formation on scholarships; award programs for studen t jj^, 

grams for students; awards, fellowships, and other progra _ n r pren ces 
field trips {industrial plant and laboratory visits); career 
and career consultants; agencies that can help. Professional 

p. National Manpower Council, A Policy for Scfenti/ic an / An 
Manpower, Columbia University Press, New \ork, 19o3, PP Qnal 
over-all picture of what is happening to scientific and p ^ 

personnel. For everyone interested in the future security o 
States, this book supplies facts and policies. It discusses shor g 
our undeveloped human resources, with guides for action. 

A Policy for Skilled Manpower, ibid., 1954. This book deals ''’jjk j t 
resources of our nation in regard to the men who run the mac 
points out the problems and offers guides for action. rra tion 

q. Neal, Harry Edward, Nature's Guardians: Your Career in _f nse ,, t 
Julian Messncr, Inc., Publishers, New York, 1956, 192 pp. This ex 
book, often dramatic and amusing in its presentation, contains in o ^ 
about opportunities in conservation as well as in industria an ^ 
formational fields, private organizations, and universities. Suggcs ^ 
jeets for a young person to study in college to fit himself or a 
in conservation. , vw 

r. Smith, Jean, Find a Career in ConservaUon, G. P. Putnam s on , 

York, 1959, 160 pp. Young people will find in this book an intcre * 
picture of the attractions — and the disadvantages— of careers in ie 

of renewable resources. . , .i lC 

s. U.S. Department of Agriculture: Career Service Opportunities t 
US DA. A1.76: 45/2. 
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Soil Conservation Service. A number oi miscellaneous bulletins suti as 
Students — Sturt Your Corner i„ SCS bef ore You CrortuoK, no. <14, 
An Enginccing Corner for Yon m SCS, no. 715; A Soil Science Corner 
for You in SCS, no. 716, Corners in Soil Consertoiion Screw, . no. 717. 
Forest Service: A Forest Serciee Corner, MP-726; fobs uuti. Ibe For.st 
Service, revised 1936. 

Rural Electrification Administration: A Challenging Career in Engineer 
fng for You, no. 736. 

Hie Role of Research in Resource Development 

t. Buitsell, George A. fed.). ^'^"“tbonfa” e're^rB on banc 

versity Press, New Hawn, 19oo, >w PP 

research by ten contributors. 0 f M an (grades 

u. Couzens, E. C„ and V Mr-**” 1ml 315 PP- 

9-12), a Pelican Book. Penguin Hooks, me.. usefulness to 

Tells the story of modem substitution products and their 

man. , . , c /.Trades 9-12), E P- Dut- 

o. Leysoit, Rurr \V„ Worlds of Inrhisl Idol Setoi indostTj a] ehemical 

ton & Co., Inc., New York, 19a5, 1S9 pp ^ battenes, sdicones. 

research as demonstrated by synthetic fabnes. atomic 

and transistors. ^ Beh.nd-tl.e- 

More Marvels of Miirlrinl Sracnw, ^ „f revolu- 

scenes stories in laboratories Ii c industry and modem me- 

tionary electrical resoareb that : ilh-cts aU md‘ ^ T ,« New 
to. Soule; Ceorge, The Shape of N ! c 5 „ y 0 rk, 1938, 141 PP * 

American Library' of World Ut " atU " ’^Uon and atomic energy w.11 
gbmpse of the near future, when 
transform economic life. 

Tools for Future Resource Developers Whittlesey House. 

s. Barr, Ceorge, Research 1959, 142 PP- ^ 

McGraw-Hill Book Company. Inc., , dOTm straUons b 

of projects that are not repetitions of ebe El . 

and "individual research. , - (es. ed.), ° Telling tile 

ii- Goldstein, Philip, and New York, ^^ace 

periment, Hareourt, “ d S*™ 8 h ‘'" 

junior scientist about scicntifi j. 0 f Sci- 

projects and exhibits for science (eds.), D c. Ex* 

*. Patterson, Margaret E., and Joseph «***£■ 

ence Pro/ecfs (yearly editions). Sconce ^ ^ w th eompe 
hibits shown at science fai« an p Doubleday 

in tire Science Talent Search. £ J «rri» 7,ents /° r E l 'en/ ’^ s an d 

«. UNESCO, Seven Hundred Science clear explanat. 

4 Company, Inc., New York, 1W. 
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diagrams on liow to malm necessary equipment and how “ 
many experiments to demonstrate "basic principles that govern the 

19-9. Some Magazines 

A number of states issue conservation periodicals. Check with )Our o 
State Department of Conservation to find out what it offers. . Motions. 

No school library or classroom would want all the following pu 
but a careful selection will bring lively and up-to-date information 
and your students. 


General 

Conservation News (semimonthly). National Wildlife Federation, 


Washington, 


u.Li* , Press, 

Ecology (quarterly). Ecological Society of America, Duke Universi ) 
Durham, N.C. . „ jslorV> 

Junior Natural History (monthly), American Museum of Natur 

New York y yorlc 

Natural History (monthly), American Museum of Natural History, e ' ^ q 
Nature Magazine (monthly), American Nature Association, Washington, ^ 
New Horizons (three times yearly). Bulletin for the Junior Museum 
National Foundation for Junior Museums, New York 
Outdoor America (bimonthly), Izaak Walton League of America, Inc., 

cngo . . tstab- 

Word’s Natural Science Bulletin (bimonthly). Ward’s Natural Science 
lishment, Inc., Rochester, N.Y. 

Weatherwise (bimonthly), American Meteorological Society, Boston 


Water 

Journal of Soil and Water Conservation (bimonthly). Soil Conservation 
ciety of America, Des Moines. ^ 

Land and Water (quarterly). Friends of the Land, Hidden Acres, ZanesM 
Ohio „ j e 

Occanus (quarterly). Woods Hole Oceanographic Institution, Woods 0 
Mass. ^ 

Watershed (monthly), American Watershed Council, Inc., Washington, V- • 


Soil 

Desert Magazine (monthly), Desert Press, Inc., Palm Desert, Calif. 

Farm Quarterly, F & W Publishing Corp., Cincinnati, Ohio 
Horticulture (monthly), Massachusetts Horticultural Society, Boston 
Plants and Gardens (quarterly), Brooklyn Botanic Garden, Brooklyn, 

Soil Conservation (monthly), U.S. Soil Conservation Service, Washington, I* * 
reclamation Era (monthly), U.S. Bureau of Reclamation, Washing' ’ 

Vt liat s New in Crops and Soils (nine issues), American Society of Ag r °n olT V 
Madison, Wis. 
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Forests anil Public Lands , . . n r 

American Fore,* (monthly). American Fo f 
Journal of Forestry (monthly). Society of American ror«ter 

n, Ho„ g c (bimonthM. American Snccry of Bango Nto- 

sZSZESS&i-**’- N -"“ J ^ 

DC - , . * . c nurcau of Land Management. Washington, 

Our Public Lands (quarterly). u s - Durcau 

D -°- fJ , rtprM Tlic Wilderness Society, Washington, D.C. 

The Mt tog Wilderness (quarterly ). 1,IC 

Wildlife , _ . • .1 cndctv. New York 

Animal Kingdom (bimonthly). No' v j Audubon Society. New 

Audubon Jan lor Heu, <f»c *« 

Vork 1|M Notional Audubon Socict), New York 

Audubon Afagaatoe (bimonthly). FAO Rome. Italy _ 

FAO Fisheries nutlet in (quarterly). wl ijHfe Service, Wildlife 
Wildlife Review (irregular). Fish an 
Patuxent Refuge. Laurel, Md. 


Review, 


rauunit living — 

incrals and Energy Sources Edoratio „al Foundation lor No. 

llrtln of Ik. Atomic Sclcn«r« (monthly). Edu 
clear Science. Inc.. Cl" 0 -;? 0 ,,., ,„.„Uy). Amencan Chemical Society, 
rtniail and Engineering <"«. Jnc ^ pjew York 

union. D.C. trill Publishing Company, c,vieties. 


Icar science, me., /, VM *Uv), American 

•mlcat and Engineering e Jnc ^ NeW York 

ncton, D.C. »i^r*rtw-IIiH Fuhi* s ^‘ n S ,, I Vr 3 _n( n( ,i ca l Societies, 

rnilcal Week (sveelly). , M S«, FedemHon nl Mmcrologlcal 
rib Science (si* usees). • So| „ E «rgy, Fhoenir. 

Chicago . , Association f° r 

.0 Sun nl Work (ijortcrljr)- Ass 

Ariz. 

,r Future nesource iB ”“ P " 
fence Ncicsletter (" Y . j/}g/i School York. 

knee World: The Public*.-* <“• N 

school year), Streer and Sm 

, , National Association ot Biology 

For Teachers . m issues). Nan 

I a, lend WWojggvrro** S “" P ’ 
svlio buy Wddhtc 
Washington, D-°' 
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Nature Conservancy Newsletter (four issues sent to members), Washington, 
D C. 

Outdoor Education Newsletter (issued three times a year), College of Educa- 
tion, Michigan State University, East Lansing, Mich. 

19-10. Films 

This list, prepared by The Conservation Foundation, is highly selective; it 
includes only a few of the many films screened during the last ten years. Each 
film listed below maintains, in our opinion, a high standard of production, in 
regard to both quality and ingenuity of presentation. The films are appropriate 
for the high school level. Each is as “timeless” as a film can be. The list & 
not a Jong one, or an inclusive one; it is simply our list 1 

Where to Order Films 

This will give you addresses of distributors whose films we have mentioned 
more than once in our listings. The addresses of distributors mentioned onlv 
once will be found directly on the listed films. 

Association Films, Inc., Broadway at Elm, Ridgefield, N.J. 

Contemporary Films, Inc., 267 \V. 25th St., New York 
Encyclopaedia Eritannica Films, Ine. (address the film library and order 
from the nearest source) : 

Region 1: 1150 Wilmette Ave., Wilmette, HI. 

Region II: 202 East 44th St., New York 

Region III: 1414 Dragon St., Dallas 

Region IV: 3625 Hollywood Blvd., Hollywood, Calif. 

Region V; 277 Phanr Road, N.E., Atlanta, Ga. 

Modem Talking Picture Service, 3 East 54th St., New York 
US. Bureau of Mines, Central Experiment Station, 4800 Forbes St-, Pitts- 
burgh 

Conservation Education (for the Teacher) 

Conservation Vfrtos (Color, sound, 14 min, U.S. Forestry Service, free loan). 
Emphasizing that new methods of teaching conservation are being devel- 
oped, this film tells the story from the teacher’s point of view. It stresses the 
fact that firsthand contact with the out-of-doors can be one of the best wavs 
of creating interest in conservation. The accent is on forestry, with the sug- 
gestion that this area is rich in career opportunities. 

Outdoor Education. Cool County (/II.) (Color, sound, 28 min. Forest Reserve 
District, Conservation Department, Cook County, 111.) . How one large urban 
school system organizes and handles an outdoor experience for its students 
is illustrated in this film. A bus load of young people, traveling through tl ,c 
countryside, visits a lake maintained by the Chicago public schools. The 
value* oF this experience arc made evident. Other city school systems might 
find useful suggestions in this film. 

A more complete luting, including elementary films as well, may be found in 
pamphlet, A Critical Index of Films end Filmstrips in Conservation, The Conserva- 
tion Foundation, 30 East -10th St, New York. 
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The Window (Color, sound, 17 s hot^be ^’Hence of one 

Ave., New York, rental or sale) - ^ ld of naUire outside the classroom 
teacher in relating her students to the llleir mm „-ay of bridging 

window. The film may help othHteadms^ ^ New dim™””’ 
the gap between testbooh learnm ^ so cial sil ,djes, language, and 

may thus be added to the teaching of science, 
art 

Renewable Resources rv.n«-rvation Commission. Jef- 

A Wmj of Life (Color, sound, 27 ruin. Misso J>» o[J such as coyotes and 

ferson City, Mo., sale; inquire de and most mmmdeiswd 

ttsrzs. M5SS=s^— ^ 

Jn the Beginning (Color, soun . - ’ Q f ea rth building as 

geologh^time^eortsa^lor major ^>anS^^ re^Fnmy^opaedia Biitannica 
Lining Earth Series (Color, sound, oroeess by which 

Filins, Inc., sale or u e j illustrates the “S' -1 ™® L ayf d by water. 

Part I. Birth 0 film ^^Emphasis * <“ ,hc Knit 

soil is produced fro™ , an j animals in the cr f^cal one— the 

air, and sunlight and by p > ' 0 f this reel « t0 t] ie soil. The 

Par. II This Jib.! . ‘aoimaU and Hants in order to 

interrelationship of plan for man to rep 

film males clear why it is Mit wil hout water can- 

leep the soil fatilo- Emphasising the l 3 , water and control 0 

Part III. Arteries ho „. tho storage 

not maintain life, this ' , „ cover. hat happens when a 

SS^nmayshUdotnbe, 

LoinV^ s^— “ 

Films, Inc., sale “ "yhis &» “"V.irultina.c development 
Par. I. The ^ another, and U*r 

interrelationship ' Scribes man J reliance 0 , 

healthy rli.n»»-;„,„„r. f^pV a source of water, and a place 

Par. IL The Fort^'^;. lumber WOT) 

iSSSSssssasssf «— 

lumbering 

of our forest resources 
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n e Licing F— (Colo, sound 1 

Films, Inc., sale or rental). C1 . .v -_ ^ies Tjortrays the 

Fart I. Nature’s P/on. The first of the t ' vo * ,n ? J^Sncnt 

principles and importance of the water cycle. In f"" 1 ? . 

of water from sea to air to earth and back to sea agam 

the roles of the sun and wind. It also points out the part pla>ed D, 

sheds in storing and distributing water. ennfront- 

Part II. Man's Problem. This sequel tells the story of the pMems «mf™ 

ing communities in obtaining and protecting their "a er PP^ , 0 p or . 

of water for the growing city of Los Angeles is used ifnf dangers 

frayed also are the construction of dams with attendant 

of water pollution, and the twin headaches of too much 

M«ddu\vate,s (B&W, sound, 19 min. Motion Picture Sendee, Office ° f 

motion, USDA, free loan). This is an early- gove™m„ conrervaho^fi^ 
telling the story of land use and abuse in the Southwest, 
of the white man this area was transformed into a vast fanning 
raising region. Erosion and floods followed on the heels of excesswe 
Remedial measures are depicted and the need for long-range p o 

Wafer for a Nation (Color, sound, 19 min. Motion Picture Service. 

Information, USDA, free loan). This film brings up to date the F°bkms ^ 
problem solving of the earlier film. Muddy Wafers. Again, i gj m 

fanner’s dependence on water to raise his crops and Uvestoc \ 
deals also with the dilemmas of “too much” and “too little wa f 
demonstrates how conservation practices not only aid the indivi u 
but also help to guard the entire nations water supply. nffire of 

Waters of Coiceeta (Color, sound, 20 min. Motion Picture Service, 
Information, USDA, free loan). Students, teachers, and engineers are 
ducted on a tour through the Coweeta Experimental Hydrologic - s 

in North Carolina, to see the results of 20 years of basic research. 1 
striking evidence of the effects of different lands of farming, lum ^ 

grazing practices on stream flow and on the health of the waters • 
documentary might well be used as an introduction to the problems o 3 

watershed and the need for its proper management. 

Watershed Wildfire (Color or B&W, sound, 21 min. Motion Picture bet*' 
Office of Information, USDA). This film pictures the nine-day battle to 
trol a forest fire which ravaged the Santa Inez watershed in California-^ 
addition to showing the results of man's carelessness and his skill in org ^ 
izing to stop the conflagration, the film stresses the importance of imm 
reseeding to protect the watershed and restore it to health. 

Web of Life Series (Color, sound, 16 min per reel. Encyclopaedia Britanni 
Films, Inc., sale or rental). 
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Par, I. The Strunrf Crons Thrs 

JSS 

tlut interfere "ill. the natural balance t F e „l 0 din» population may 

aviso resource management. Suggest that our erptoo ., t 
bring in ils train new and f? ave . P™ b cmS ' rA1 .. rmnoran r Films, Inc., sale or 
World at Your Feet (Color, sound, — min - fanned. Tlic film uses the 
rental). This is the story of sod and 1 hon ilj ^ lype t0 lts plant 
ecological approach, demonstrating ^ JJtw ^ different kinds of 

and animal inhabitants. The effect importance of sod to man, 

soil are made clear. Emphasis .s placed on «* * P 

and his responsibility and ability to eep ^ Horizons of Science, 5 East 

The Worlds of Dr. Vishniac (Cdor. smind^- ^ an ent omologist and 


ana nw < j on min Horizons m — • , 

'ie Worlds of Dr. Vishniac (Color, sound. - ^ an entomologist and 

5ith St.. New York, free loan). Dr ; Anlory, mates photographs and mo- 
microbiologist, working in a omc 1 , sccn by the naked ey e. 

tion pictures of living things “ « sec ere involved m 

same interdependencies tiiat c . diings. , 

each of Iris dishes of microscop e It 0 * * rfil Britanniea F.lms 1. ' 

Yotrrr 1, , he Lend (Color, sound. 5 the Living Earth Serrcs. « 

i„g numbers end his multiplymgmaeh. 

ning is made evident. 

Nonrenewable Bcsourees 

A Is for Atom (Color, sou - ^ NeW York °P era w simp ly and graphi- 

U.S. Atomic Energy Comm ^ ^ of atom * Nicies, d,e film shows 

!££££.“ ^ ° f m ”' in 
standing of this g'S 3n “ " j^es. . American Petroleum Institute, 50 
science and social ^ ^ 29 « nin ’A m This documentary records the 
American Frontier ( BS| ' V * f e Joan or sa,e) - f oi i. photographed on 

West 50th St., New ^ ^ discovery ? _ toH through 


mertcan rix»n»«=* . r ree joan «* 0 f ou. rnowv,^ 

West 50th St., New York, the the story is told through 

events befalling* r V'«Uow"speopTe »» 1 * ' ' schoo l teacher. The mr.ml 
the spot and using 1°®* a wheat fil " ne J, d the evolving of a com- 
the eyes “"f^by sober « W " d -'2des interesting ma.crial for class 
exultation, followed ^ m or bust, p 

munity plan to a Association Films, Inc , ree 

discussion. /mlor, sound, ■* 

. Mile to El Dorado <C 
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The search for oil in Venezuela leads i down a 

“rtiS" Ss! Mghligli^hc impact of °" 

an ancient civilization, transforming it into “ * j'’"/ , 0iI ^ ompan> , of New 

animation and narration in this film provide an imaginative a 

approach to the study of energy'. Pirfurc Service, free 

Futures in Steel (Color, sound, 30 mm. Modern TaW g S, „ ichcs , 

loan). To help a group of young apprentices find the o 8 n]inc t0 

they are taken on a tour of a modem steel production P'ant. intaat 

furnace to research laboratory. Intended as a r “™ ll ”S ° “, uction t0 a 
young men in careers in steel, the film gives a birds-c> 

The Man in the Doorway (Color, sound, 30 min Sterling ^^'^^opeful 
West 61st St., New York, free loan). This Elm demonstra ? 

answer to resource problems supplied by chemistry. The 5Mr ^ 

thebe fertilizer, spurred by Sir William Crooke s : Faction of ;M ** 
tion, leads to the making of cyanamid. Reuse of industrial was ■ ^ 

ment of substitution products such as the vanous plastics point 
important resource of all-the creativity, skill, and concern of mam ^ 
Packaged Tower (Color, sound, 30 min. Modem Talbng Picture ^ (hi! 

loan). A capsule view of the British aluminum industry is P re l cn ' (co „. 
Elm: bauxite ote from British Guiana; water power in eastern Canaoa t 
verting the ore to alumina powder); rolling mills in Creat Bn 
pleting the process for the market). The final sequences stress the unpo 

of the aluminum industry to our present economy. , 

The Terrified Ricer (Color, sound, 28 min, U.S. Bureau of , „q t b 

Made in cooperation with Union Carbide Corporation an p ejni 

the technical assistance of the US. Atomic Energy Commission, ^ 
tells the story of uranium, from the discovery of ore deposits to tne 
ine of atomic reactors. The uses of the “peaceful atom’ are fllustrat ea. 

Road of Iron (B&W, sound, 42 min. Contemporary Films, Inc., sale or ]( 
This film answers questions about what may be done when ores run ^ 
shows Canadian geologists discovering abundant ore in the Ungava ^ 
ness and how almost insuperable obstacles are overcome in getting 
to “civilization." The film stresses the role played by modem team 
from air lifts to power supplies, as men west new resources from 
comers of the earth. sulfu r * 

Sulfur (Color, sound, 22 min, U.S. Bureau of Mines, free loan). How . e j. 
one of our most important nonrenewable resources, is located an 
Animated drawings explain the details of the Frasch process for the 
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,„ g of sulfa. The most imports uses of this element ate also illustrated. This 
film is particularly appropnate for ehemtstiy _cte„ ^ |(m) 

This Is Magnesium (BErW, sound 1J min IT ' B m aBiesium from the 
This film shores how scientists have learned to ^ 

sea. Animated drawings and photograp y portion of the film 

employed to illustrate the processes involve d The^L # ^ and 

deals with the properties of e to students of ehem- 

versatile metal. This film should be particularly 

Istry. 

New and To-be-developed Resources ^ FiIm Inc „ [ rEe 

The Bell So lar Battery (Color, sound 12 fiidirecdy from tlie sum 
loan). After making the point that all enafy 15jlh lB "silicon wafer, 
this film documents the making of a solar ^ out its potential- 

It describes how this battery is ““S”, ^austible energy source. 
iUes fa the future in making diroet raiy Films, Inc., sale or 

Chemical Conquest (Color sound, b * ,^ s ^touting the tnanm 

rental). Thfe Canadian film presents ,0*p ^ „„ need for 

facturers of pesticides. Labora '°'T 2,j| e toxic to the pest, wj 1 n ° ‘ 
developing an insect poison «*** of , he effects of <tonrfcak t Vft’eco 
other animals and plants. Exa ^ own diet mal« it cvi 
on soil nutrients, and indirec y pr0 blems of ins** con . ‘. \ j| MS 

logical factors play a vital & Bureau .of «»*.<“£", ‘ ™ 

Rubber from Oil (Color, «■>»*»»££ Research chemists « btc 

is the story of a sobst.tot.oo prote t ‘are” "bed «"d 

creating rubber from 01 . ' a. er . r esistant. These pro j s m nr 

of being vulcanized, and "«*«'« Woria tVar It 
a pilot g plant built ,« ” ^2e Te J^Lee to. 

produced. Peace bring substitution pi 

rubber. The film points out th ^ natural resou^ ^ Wcsf St- 
and may put a strain on, . Shell Oi , jt is a documcn* 

The Rival World (Color, .«*»*£ ‘"ryot the “".fS”’; man’s battle to 
New York, free loan) . Th' s 1 jj 1 fronO«d _ h X l.attlmg 

to0 . of the insect .0**°° wodd' T*£ ^ "rmrling to develop 

preserve his own agams ien tists in ,1( ’ f ( ], e film might point out 
insects in the field as w « of indiscriminate spray- 

still more effective method* o ^ hsm f„I ctlect, 

the need for further research 

ing. 

Community Conservation ^ ^ En . c5 ' cl °K^“ppJte”'bv slum condi- 

Baltimore Tien s»J Mtfi. Salem 

sale or rental). Iff to “^.'e V problem. 11,. 

lions in parts of then ch).^ ^mua.tj 
how this group =1“' 
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the Baltimore Plan with its striking results makes this a useful film in the 
area of urban conservation. 

The City That Disappears (Color, sound, 28 min, Stanford Research Institute, 
Menlo Park, Calif., free loan). Tins film deals with a relatively new prob- 
lem — a i r pollution and its control. Although the film tells the story of Los 
Angeles smog, its causes and possible cure, the problems posed are ap- 
plicable to an increasing number of cities. The need for prompt municipal 
action is made clear. 

Man of Action (Color, sound, animation, 13 min. Association Films, Inc., 
rental). A brightly animated story detailing the need for slum clearance and 
city planning. Apathy and carelessness are represented by Satan, the villain 
of the piece. The film makes clear the part that can be played by the indi- 
vidual in helping to sohe the problems of a better community. 

10-11. Filmstrips 

The following is a highly selective list of filmstrips related to conservation 
and resource use. 

Conservation Is Everybody's Business (B&W, McGraw-Hill Publishing Com- 
pany, Inc., Text Film Dept., 330 West 42nd St., New York). Four filmstrips 
aimed at the junior high school level: Nothing Can Live without Water; 
People — Our Most Valuable Resource; Sacing the Soil; and Using Our For- 
ests Wisely. 

Conserving Our Resources (B&W, Curriculum Materials Corp., 1319 Vine St., 
Philadelphia). Eight titles that supplement the filmstrips mentioned above 
by appealing to the senior as well as the junior high school student: Field 
Day; Forest Resources; Human Resources ; Mineral Resources; Nature Co- 
operates with Man; Soil Resources; Water Resources; and Wildlife Resources. 
Soil Conservation Series (B&W, Encyclopaedia Britannica Films, Inc.). A pro- 
gressive series of eight filmstrips aimed at junior and senior high school 
levels: How Soil Is Formed; Plant Life and S oil; Minerals in the Soil; Water 
and the Soil; Animal Life and Soil ; Hotv Long Will It Last?; How Man Has 
Used the Soil; and How Man Conserves Soil. 

You and Science (Color, Harcourt, Brace and Company, Inc., 750 Third Ave., 
New ^ork). Eight filmstrips on general scientific subjects, which suggest 
that conservation is an integral part of science teaching. Aimed at the junior 
and senior high school le\-els: The Scientist: His Way, Y our Way; Y our 
Lifestream; Neighbors in Space; Weather; Atoms As You Will Use Them; 
Green Plants ; Energy Unlimited; and Calling Your Neighbor. 

The Conservation Foundation Series, 1939. Demand, Supply, Balance (Color, 
Impco, Inc., P.O. Box 578, Tuxedo, N.Y.) . Each group of filmstrips deals 
’with identical subject matter and identical conservation concepts, but at 
differing levels of complexity. The filmstrips do not answer questions; they 
raise questions for which students themselves must discover answers. 
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A Is for Atom (film), 369 
ABC’s of Modem Flastics, The, 207, 3-7 
Acid corrosion, 317 
Acid and soda fire extinguishers, —5 
Acid sod, 128 
correcting, 131 
factors causing, 132 
marsh or bog and, 79 
plants needing, 132-133 
where found, 131 
Acidic oxides, 133-134 
Acids, citric and malic, analysis of, 170- 
172 

combined with bases, 129-131 
effect on rods, 302 
experiments with, 128-1-9 
fiber analysis, 173-173 
identifying metals with, SJ- 
in pH scale, 131 . 

Adaptations, development or. ** 
survival, 74 
wild flower, 187 

Adhesion, phenomena of, -7 j 

Advanced courses and schools fo g 
students, 392-393 
Aeration, water, 110 
Aerosols, 277 

Agar culture medium, 40J 
Agar gel. 56, 59, 124, 409 

Ahrens, M. R, If 
Air, carbon dioxide in, - - „ 79 310- 

cleaning, methods of, 277—^, 


Air, moisture in (see Humidity) 
motion of, currents and winds, 238 
expansion of warm air, 237-238 
motionless, as insulator, 357 
nitrogen cycle in, 264 
oxygen and nitrogen in, 253-261, -6 d 
rare and inert gases in, 261 
resources of, obtaining, 264--6 j 
saturated, 244, 245 
volumetric composition of, -59--61 
warm, chilling of, 238-239 
water vapor in, 261--6- 
Air currents, 238 
Air pollutants, 269 
Air pollution, 26-5-280 

-asfjssM*«Mu 

reasons for. 26/ 
effects of, on human life, 267 

on property, structures, and prod- 
ucts, 268-269, 302 
on vegetation, 267-268 
factors contributing to, 266-2G7 
fuel and, 266-267, 269 

271 

by dust, 269-270 
bv nitrogen dioxide, 
by oxidants, _272 

by sulfur 'dioxide, 270-271 

Air Pollution Foundation, -6o 
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Alcohol, distilling from sugar, 177 
Algae, 75, 77 
in aquariums, 81 
collecting, 80 
culturing, 86 
for food, 87 
Alkaline soil, 128 
correcting, 134 
factors causing, 132 
Alloys, aluminum, 312 
fusible, making, 315-316 
iron, as anti-corrosion measure, 319 
need for, 314 
solder, making. 315 
Altimeter, 249 

Aluminum, corrosion and, 319 
metallurgy of, 311-312 
ores containing, 311 
properties of, 312 

in reduction of metallic oxides, 305— 
306 

Aluminum alloys, 312 
American Association for the Advance- 
ment of Science, 398 
American Association for Health, Physi- 
cal Education, and Recreation, 400 
American Forest Products Industries, 
Inc., 204, 208 

American Genetic Association, 66n. 
American Institute of Biological Sciences, 
396 

American Men of Science, 404 
American Meteorological Society, 250 
American Petroleum Institute, 352 
American Plant Food Council, 164 
American Scientists, 404 
American Women of Science, 404 
America’s Needs and Resources, 215 
America’s Textile Reporter, 177 
Ammonium in soil, testing for, 137 
Ammonium phosphate, 162 
Amphibians, 61—62 
Anaerobic bacteria, 113-114 
Aneroid barometer, 249 
Animal fibers, distinguishing from vege- 
table fibers, 175-176 
identifying, 174— 175 
Animal tracks, making casts of, 191—192 
Animals, adaptations in, 71-72 
classifying, 66 

common ancestry among, 68 

dissecting, 60-61 

lake or pond, 75-77 

in living communities, 46 

minerals formed from, 284 

and radioactivity from water, 380-381 

reproduction and growth of, 59-63 


Animah. sea, 90 
In soil, 121 

vertebrate, studies of, GO-63 
wild (sec Wildlife) 

Anions, common, 136 
testing for, 137-138 
Anthracite coal, 297, 348 
Antibiotics and growth of seedlings. 51 
Aquarium cement, preparation of, 410 
Aquarium tanks, 80, 190 
Aquariums, 73, 77, 195 

developing snail eggs in, 82 
fish for, 82 
making. 80-82 
marine, 83-84 
plants for, 81 
reproduction of fish in, 82 
Arlior Day, 202 
Arc process, 159 
Artcmla, study of, 84 
Asbestos, 320 

Ascorbic acid, testing for, 168-169 
Asexual Reproduction (film), 52 
Asexual reproduction, 52, 57 
Association for Applied Solar Energy, 
366 

Atmosphere, moisture-saturated, effect 
on plant growth, 61 
nitrogen in, 159 
(See also Air) 

Atom and Biological Science, The (film), 
29 

Atom in Our Hands, The, 388 
Atom smashers, 370-371, 378-380 
Atomic breakdown, observing, 369 
Atomic energy, deuterium and lithium 
in, 386 

experiments and procedures in study- 
ing, 369-373 

fission and fusion in, 374-375 
harnessing, 381—388 
living models as device in teaching, 
373-374 

materials for study, 368-369 
Atomic Energy, Doubled-edged Sword of 
Science, 369 

Atomic Energy Club, organizing, 388 
Atomic energy instruments, 375-381 
Atomic reactors, breeder-type, 382-383 
kinds of, 382 
nature of, 381-382 
radioactive waste from, 384-386 
resources for, 384 
Atoms, Dalton s theory of, 213 
structure of, 374 
study of, 370 

Atoms for Peace, student survey of, 388 
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Carbon dioxide, production of, by roots, 
SO 

testing for, 128-129 

Carbon dioxide fire extinguishers, 221- 

220 

Carbon dioxide generator, 101 
Carbon monoxide, test for, 271 
Carbon tetrachloride fire extinguishers, 

220 

Carbonate, soil, testing for, 137 
Carbonic acid, 122 
Cation formation, 308 
GttfdJ, 404 

Cells, plant, chloroplasts nnd, 24 
effect of salts on, 3-1 
guard, 26-27 
leaf, arrangement of, 24 
oxidation of, 34-35 
yeast, budding in, 57 
Cellular structure of wood, 220-227 
Cellulose In wood, isolation of, 231 
uses of, 231-232 

Chain reaction, demonstrating, 371 
•Challenge of Man's Future, The, 331 
Chandler, A. C., 78 
Charcoal, making, 229-230 
Charcoal filters used in cleaning air, 
277 

Chemical processes, displacement of, 
322-323 

Chemical purification, 109 
Chemical stimulation of plant growth, 
58-59 

Chemical water softening, 111-112 
Chemical weathering, 122 
Chemicals, industrial, Frasch process for 
sulfur, 319-321 

purification by crystallization, 323- 
324 

sulfuric acid, 321-323 
Chemistry, conservation and, 211 

crystal growing projects in, 283-284 
farm and, 179-180 
of photosynthesis, 19-22 
principles of changes in matter, 212 
of salt compounds, 93 
of saponification, 177—178 
soil (see Soil chemistry) 
study of atoms and molecules, 213- 
215 

study of combustion ( see Combustion) 
wood, 226-235 
(See also Wood) 

Chemistry for Our Times, 317 
Chemotropism, 42 
Chide embryos, studies with, 62-63 
ChloreUa, 87 


Chloride, soil, testing for, 138 
Chlorination, water, 110 
Chlorine water, formula for, 410 
Chlorophyll, in food making, 23-24 
hereditv-environment interaction and, 
71 

Chloroplasts, identifying, 21 
Chromosomes, 07 
Citric acid, analysis of, 170- 172 
City Mature, 153 

City That Disappears, The (film), 200 
Classification of plants and animals, 00 
Classroom Experiments for “Flnnct 
Earth," 378 

Clay, testing for percentage in soil, 125 
uses of, 301 

Cleavage of minerals, 289-290 
Climate, effect of water behavior on, 
256-258 

Cloud chamber, 375-370 
Cloud seeding, 1 17, 252-253 
Coal, conservation of, 345-346 
gravimetric analysis of, 347-348 
importance of, 29S, 345 
location of, 297, 298 
present and future use, 349 
soft, colce and by-products of, 348-349 
Coal gas, 349 

Coal mine, field trip to, 348 
Coal tar, 349 

Cobalt chloride paper, 37, 410 
Cobalt glass, potassium detection with, 
295 

Cohesion, phenomena of, 27 
Colce, 348-349 
Cole, Charles E., Jr., 402 
Coleman, E. A., 38 
College Zoology, 78 
Colloids from sea, 96 
Combustion, change of weight during. 
216 

complete, fuel conservation by, 356 
conditions for, 219, 222 
experiments with, 216-219 
explosions and, 220-222 
of gasoline, 353 

of metal, changes produced, 216 
decomposing product of, 216-217 
relationship to conservation, 215 
spontaneous, 219-220 
Commission on Increased Industrial Use 
of Agricultural Products, 180 
Committee of Weather Control, 252 
Communities, planning in, as conserva- 
tion, 153-154 

water conservation by, 1 16-117 
water needs of, 102-105 
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Destructive distillation, 229-230, 348 
Deuterium as future energy source, 

386 

Development of the Chick (film), OS 
Dew point, calculating relative humidity 
from, 245 

determining, 244-245 
Dextrin, converting starch to, 179 
Dice, Lee, 80 
Diet, 173 

Diffusion, of gas, relation to density, 373 
in plants, 32 

tnraugh membranes, 32-34 
Dip net, 75-77 

Dissecting animals, procedure in, 60-01 
Dissolved oxygen (DO) determination, 
99 

Distillation, of alcohol, 177 
with condenser, 240-247 
of crude petroleum, 351-352 
destructive, 229-230, 348 
in hydrologic cycle, 246-248 
Dodder, 44 
Douglas, J. S., 167 

Drainage, soil, demonstration of, 147- 
149 

Drama of Steel, The (film), 308 
Drosophila ( sec Fruit flies) 

Drosophila Guide, 67, 69 
Dry cyclones in cleaning air, 277 
Ductility of metal, 307 
Dunn, William, 251 
Dust bowl, 143-144, 202 
Dust chambers, use in cleaning air, 277- 
278 

Dust explosions, 221-222 
Dust particles, examining, 269 
measuring fall of, 269 
precipitation of, by Cottrell method, 
278-279 

electrostatic, 270 

Earthworms, value of, 154 
Easley, R. K., 166 

Ecology and conservation practices, 71 
(See also Balance of Nature) 

Edwards Chemical Co., 132, 136 
Eggs, in animal ancestry studies, 68 
of brine shrimp, study of, 84 
chicken or pigeon, developing, 62-63 
fish, fertilization of, 69, 82 
frog. 60-62 

incubation of, procedure in, 62-63 
snail, developing in aquarium, 82 
turtle, 62 

Eisenhower, Dwight D., 119, 180, 252, 


Electric brain machine, constructing, 
253-254 

Electricity, in aluminum processing, 

312 

generators and, 343-345 
magnetism and, 311—343 
motors and, 311-312 
public versus private, 345 
water power production of, 339-340 
Electrolysis, in metals extraction, 306-307 
of water, 255 
Electron, studying, 370 
Electroplating, 308, 318 
Electrostatic dust precipitator, 270 
Elementary Statistical Methods, 251 
Elements, chemical, abundance of, 214- 
215 

in earth’s crust, 214 
man-made, 213 
transmutation of, 370 
Elevation, effect on biotic community, 

80 

Ellis, Carlton, 160 

Elodea, experiments with, 20, 22, 24, 25, 
35. 85 

Embryos, chicken or pigeon, studies of, 
62-03 

mammal, 63 

Encouraging Scientific Talent, 402 
Energy, atomic ( see Atomic energy) 
electrical, 341-345 
from fuels (see Fuels) 
for generator, 343-344 
kinds of, 331 

law of conservation of, 212 
measurement of, 333 
need for, 330, 331 
ocean and air, possibilities of, 368 
solar, 331, 332, 360-368 
sources of, 331 
transformations of, 331, 333 
from water (see Water) 

Engineering Manpower Commission, 403 
Environment, 68-71 

heredity and, interaction of, 71-72 
other factors in, 71 
overcrowding, effects of, 68-70 
overproduction and, 68-70 
time changes and, 71-72 
Enksen, Lola Jean, 400 
Erosion, water, effect of slope on, 139— 
140 

forests and, 188 
sheet, and gullies, 139 
wind, 142-144 
Esso Magazine, 331 
Ethyl alcohol, distilling, 177 
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Evaporation, 240, 241. 2iS 
air behavior and, 237-239 
reducing, 117 
speed of, 236-237 
Evolution of the Oil Industry, The 
(film), 350 
Ewing, Maurice, 251 
Expansion, of air, cooling by, 239-240 
when wanned, 237-23S 
weathering by, 121-122 
Expert Committee on Water ritiorida- 
tion, 115 

Explaining the Atom, 369 
Exploring the Dangerous Trades, 404 
Explosions, demonstrating, 220-221 
dust, causes of, 22 2 
demonstrating, 221-222 
home, 221 

Explosive mixtures, 221 


Fabrics ( see Fibers) 

Facts about Coal, 346 
Facts about Wind Erosion and Dust 
Storms in the Great Plains, 144 
Faraday, Michael, 343 
Form Fishponds for Food ana Good 
Land Use, 152-153 
Farm models, 147 
Farm pests, 155-159 
fungus, 156 

insect control, biological, loo 
controversy over, 156-158 
insecticides for, 156 
weed control, 158-159 
Farm pond, 152-153 
Farm products, fibers, 173-177 
food, 167-173 
other, 177—179 
suggestions for study, 1«9 
Farm surplus, 167—168 
Farmer arul Wildlife, 152 
Farmers in a Changing World, Uo 
Farms, chemistry and, 179-lbU 
field trips to, 146 
friends of, 154-155 
miniature, with drainage tiles. 14/-HJ 
school, 149 
tree, 208 

wildlife on, 151-153 
Fats, soap making and, l"-*' 5 
solid, from vegetable oil, J 
Fehlings solution, 235, 411 
Fermentation, 57, 177 
Ferns (film), 52 
Ferns, culturing, 190 
Fertilization of fish cggs : 09, e- 
Fertilizers, 134, 135, 14o 


•155 

Fertilizers chemical “trio" in, experiment 
with, 163 

as coke bv-produtt, 349 
“complete,” 1C3-161 
containing trace elements, 165 
secondary and minor elements in, 161 
Fibers animal, 174—176 
identifying, tests for, 173-175 
mixed, analyzing, 176-177 
sources of, 173 
synthetic, 173, 177 
vegetable, 175-176 
Fibres ascular bundles, 28-29 
Field trips, 12,3, 39S 
additional suggestions for, 418—419 
advance preparation for, 74 
to coal mines, 316 
conducting, 74 
to farm, 146 
to fish hatchery, 69-70 
forest. 185-187. 192, 199 
indoor, 195 

to pond or lake, 74-75 
to steel mill, 309-311 
summary of, 74 

Ficldbook of Ponds and Streams, 75 
Filtration, water purification by. 109-110 
Fire extinguishers, carbon dioxide, com- 
mercial, 225 .... 

demonstrating principle, 224 
homemade, 224-225 
liquid, 225-226 
carbon tetrachloride, 226 
Fire fighting, methods of, 22^-2-3 
water harmful in, 223—24 
Fire hazards, home. 222 
Tires, forest, 196-199 
home, 222 
magnesium, 223—4 

od. 223 

(Sec also Combustion) 

First aid, procedures and equipment, 

First 4 Aid l and Care of Small Animals. 

191 

Fischer-T ropsch process 3o- 
Fish, for aquarium, selecting, o- 
eggs of, studying development, li- 
as food, 90-91 
forest fires and, 1 98-199 
overproduction in, 69-.0 
parasites of, 82 
prospecting for, 01 

reproduction .mS- 

tapewonns of, v,-ro 
water temperature and, W 
Fish hatchery, field tnp to, 69-. 0 
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Fission, atomic, 374—375 
in protozoa, SS 

Flame test, coloration in, 291-293 
of potassium with cobalt glass, 295 
spectra of certain metals, 293 
of unknown matures, 295-296 
Fla mep roofing of wood, 203 
Flood control, 11S 
Flotation, wood, 227-228 
Flotation process, 305 
Floss ers, artificial pollination of, 53-54 
plastic, for bees, 53 
as reproductive organs, 51-52 
wild, adaptation of, 1S7 
Flotcers at Work (Elm), 52 
Fluoridation, studies of, 114—115 
Foamite fire extinguishers, 225 
Food, algae as, 87 
diet and, 173 
farm and. 1 67—1 63 
fungi and, 156 
prepared, 168 
preservatives for, 16S 
from sea, 90-91 

testing, acids in orange Juice, 170-172 
summary of, 168. 169 
for vitamin C, 165-169 
Food and Agricultural Organization, UN*, 
202-203 

Food chains, closed, study of, j <-7S 
sea, tracing, 83 

Food making in plants (ice Photosyn- 
thesis) 

Force, concept of, 533 

Forest conservation, in city, 201 

bv increasing life of lumber, 205-207 
and management, 199-201 
national, 201-202 
student and, 203 
bv tree farming. 20S 
world, 203-203 

Forest Conservation in the Social Studies 
and Science*, 199 
Forest Facts, 20S 
Forest fires, 195-196 
causes of, 197 
preventing, 199 
results of, 197-199 

Forest management, classroom activities 
on. 199 

observation of, 199 
school projects in, 199-201 
Forest Frodocfs Laboratorv, 230 
Forests, 1S1-20S 

biotic community of, 181-182 
enemies of, fires, 197-199 
insects and disease, 195-197 


Forests, enemies of, termites, 197 
field trips to, 1 85-187, 192 
floor of, 168 

and future supply of wood, 207-20S 
man's need of, for life, 203-204 
for recreation, 204 
for watershed, 204 
for wood products, 204-205 
method of spreading, 168 
national, 201-202, £08 
plants of, 1S5, 187, 169 
saprophytic, 189-190 
os sod protectors, 188 
wildlife in. 185-189 
studying, 191-193 
world education on, 202-203 
Formalin, 411— 112 
Foster, Lawrence S., 317 
Fracture of minerals, 290 
Frisch process, 320-321 
working model of, 320-321 
Frcsh-iratrr Algae of the United States, 
The, SB 

Fresh Water Invertebrates of the United 
Stctcs. 75 

Friedan. Betty, 231 
Friends of the Land. 2S, 151 
Frogs, eggs of, developing, 61-62 
studying, 60-61 
parasites of, 61 
sperm of, studying, 60-61 
From Flatter to Fruit (film), 32 
Frost, effect on rocks, 301-302 
weathering by, 121 
Fruit Eies, breeding. 59 
genetic studv with, 67 
hie cycle o£ 59-60 
overcrowding in, 69 

Fruit juices, adds in, analysis of, 170- 
172 

vitamin C in, testing for, 16S-169 
Fuel cell, 344-345 

Fuel conservation, by complete combus- 
tion, 356 

insulation for, 356-557 
radiant heating and. 357 
use of heat pomp, 337-359 
Fuel oils, 353 
Fuel ratio, 34 7 -34 S 

Fuels, air pollution and, 266-267, 269 
coal (see Coal) 
natural gas. 297, 300, 355-356 
needed for combustion. 219 
petroleum ( see Petroleum) 
present situation in, 359 
Fungi, bracket, 169 
conservation and, 43, 56 
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Fungi, as farm pests, 156 
method of obtaining food, 43 
nature of, 43 
parasitic, 44 

production of carbon dio\ide, 43—14 
soil, 123, 124 
spore formation by, 56 
symbiotic relationships of, 44 
Furfural extracted from wood, 235 
Fusibility of minerals', 290, 291 
Fusible alloy, m akin 2, 315-316 
Fusion, atomic, 374-375 
Future Scientists of America Foundation, 
401, 403 


Galvanizing of iron, 318 
Garden Gate, The, 151 
Gardens, indoor, 151, 153 

planting schedule for, 150, 151 
school, 149-151 

Caseous diffusion, separation of uranium 
235 by, 373-374 
Gases, in air, 259-264 

density and diffusion rate, relation of, 
373 

dissolved in water, 98-99 
explosion of, 220-221 
rare and inert, 261, 265 
as states of matter, 215 
{ See also Natural gas) 

Gasoline, methods of obtaining, 35- 
specific gravity of, 353 
tests for, 352-353 
Ceigcr counter, making. 3. 
in prospecting, 287 350 
in tracer studies of " 

Generators, energy for, 34J-W 
fuel cell, 344-345 
importance of. 343 
principle of, 343 
Genes, 67 . _ 0 , 

Genetics, radioactivity and. 3S1 

studying with fruit «ies, w — 
use of "gumdrop chromosomes. 67 
“Ceniac” kit. 253 

Geochemical prospecting. 

of seeds, carbon dioxide product m. 

40-50 

heat produced »"• 
in hydroponics, lw 
method, 47 .-.o 

oxygen consumed in. 
speed of, 50-5 
Cermination tests, 4i 
Giblx rcllic- add. 58 


Gift of Green (film), 21 
Gifted students, and changing ui«.i.e 
eurriculir patterns. 392-393 
as future sussiti'ts 391-392 
identification and selection, experimen- 
tal plan for, 391-390 
school-college cooperation for. 393- 
39i 

Glass, experiments with, 32>-320 
Glass Properties Unit Kit. 326 
Glucose, photosynthesis and, 21-22 
Cotaas, Harold B.. 57 
Grafting, 55-56 

Gravimeter, use in prospecting. J187 
Gravimetric anal) sis of coal. 347—345 
Great Cl a\n of Life, The. 6G 
Green plants, heredity-environment in- 
teraction and. 71 
In ponds. 75-76 
preservative for. 414 
propagation in, 51-50 
(Sec altn Plants) 

Green Vagabonds (film), 52 
Greenberg. L , 205 
Greenhouse eifcct, 361-36- 
Cron ing Paper on Tree I arms, -03 
Growth of plants (see Plant growth) 
Guard cells, role of. 26-2 < 

Guide to the Study of T rtsh 11 atir, A. .5 
Gullies, erusion, 139 
Cunn, Ross, 233 

Haagcn-Snnt. A. J., 265, 273. 27u 
Haber process, 159 

Hamilton, Alice, 491 „ 

thnlboo l /or W.I"S «/ CgmM* 

and Resource-use, ... 

Handy Rook of Gardening. The, l 
Hard UnlrO 

Hardness. of ms tab. 307 
of minerals. 289 
Harper's .Uagodne -al 

30:W03 

lution, 260--C7 
Hecht, Schg. 369 
Hedrick, Edward. 115 
|ldn»*. Jar. BrpUJ, > -» 
llrtcsht'. animal ancestry * 

* and «ivlrwnn»ent. Interaction of. <1 

traits and. si 
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Heredity and Environment (film), 66 
Hermit crabs, 79 
HilJ, Eugene F-, 273 
Hodge, Harold C., 114 
HoIImgworth, L. G., 255 
Hormones, plant, in autumn coloring, 
185 

phototropism and, 57 
root-promoting, 57—58 
use in school garden, 151 
Horsepower, formula for, 333 
Houdry, E. J-, 278 

How Nature Protects Animals (film), 
74 

Human beings, effect of air pollution on, 
267 

overcrowding of, 70-71 
variations among, qualitative, 66 
quantitative, 65-60 
/fu man Development (Elm), 68 
Human resources, 391-392 
Humidity, detecting moisture in air, 244 
dew point determination, 244-245 
egg incubation and, 62 
relative, calculating, 245-246 
saturated air, 244, 245 
Humidity-measuring instruments, 245— 
246 

Humus, formation of, 123 
Hunter, G. W., 78 
Hurricanes, 251-252 
Hybrid com, soil consenation and, 54 
Hybrid seed, 54 
Hybridization, 53-54 
law of segregation, 54 
Hydration, heat of, and solar energy, 
363-354 

Hydrion paper, 128, 132 
Hydrochloric add, testing fabric with, 
173-174 

Hydrogen, burnt copper heated in. 218 
produced by acids, 128, 129 
as water constituent, 255-256 
Hydrologic cycle, 105, 236-248 
distillation in, 246-248 
evaporation in, 236-240 
humidity and, 244-246 
projects in, 248 
rainfall in, 246-244 
Hydrolysis, 134-135 
Hydrometer, 245 
}]idmf*7nics, 47, 203-160 
experiments in, 165-166 
nutrient solution for, 166-167, 413 
possibilities for, 167 
Hydrotropism, defined, 39 
and roots, 41—12 


Hydroxide, test for, 129-130, 246 
II) lander, C. J., 404 

Ice, behavior of, 258 
experiments with, 256 
Ice age, predictions of, 251 
Igneous rocks, 282 
Imbibition, 28 
Immiscible liquids, 99 
Impact of Science on Society, 167 
Improcing the Work Skills of the Nation, 
404 

In Y our Service, 201 
Incinerators, air pollution by, 267 
Incubation of eggs, procedure in, 62-63 
Indoor garden, 151, 153 
Indophenol, 168, 169, 412 
Industrial air pollution, 267 
Industrial waste, water pollution bv, 106, 
108 

Inert gases, 261 
"Inexhaustible” resources, 7 
Insecticides, 156 
Insectivorous plants, 78-79 
Insects, 60 

Insects, as farm pests, 155-158 
biological control, 156 
as forest enemies, 195-197 
significance to conservation, 59 
study of life cvcles of, 59-60, 155 
suggested study procedures, 155 
weed control by, 159 
Insulation, purpose and materials, 356— 
357 

Internal-combustion engine, principle of, 
350 

International Geophysical Year, 258 
International Oceanographic Congress, 

Introduction to Human Parasitology, 78 
Ion-exchange method, water softening, 
1 12 

Iron, alloys of, 319 
metallurgy of, 308 
passive, 317 

rusting of, experiments in, 316-317 
protection against, 317-319 
salvage and reuse of, 311 
supply of, 308-309 
Irrigation, 104, 145 
Isotopes, 213 
If** a Tree Country, 204 

Jacobs, M., 265 

Jew el weed, experiments with, 28-29 
Johansen, D A , 52 
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Join! Numerical Weather Prediction 
Unit, 253 
Jones, D. F., 54 

Journal of Educational Sociology, 400 


Kaiser Steel Co., reuse of water by, 116 
Kctchum, Host wick II , 383 
Kindling temperature, 219 
Knotting Your Trees, 182 
Krutch, Joseph Wood, 80 


Laboratory Experiments tulh Radioiso- 
topes, 29, 381 

Lakes and ponds, bottoms of, studsing. 

farm, 152-153 
field trips to, 74-75 
geological reports on, 76 
plankton in, study of, 76-77 
yearly observations of, 75-76 
Land, 145 

Land-capacity claws, 147 
Lavoisier, Antoine, 216, 218 
Lasv, of conservation, of energy, -1-, 333 
of matter, 212, 333 
of matter energy, 331 
of definite proportions, 212 
Leaching, 132, 145 
Lead from Mine to Metal, 305 
Lead-clumber process, 32-, 3-3 
Leaf cuttings, vegetative propagation ot. 


Leaves, arrangement of cells in, 24 
autumn coloring, 184-185 
effect on growth of cuttings, S' 
phototropism and, 39 
progression into soil, 1-3 
simple and compound, 180. 167 
specialized, of insectivorous plants 
stomates and guard cells 0 ** -6— 
transpiration from, 36-38 

tree, 184-186 i n 

Lecture Demonstration Experiments 
High School Chemistry. 

Legumes, nitrogen-Exing bacteria and. 

159, 161 

Lenz’s law, 343-344 

Lichens, 44, 122, 123 

Life Cycle of the Frog {Oml,™ Q 

Life Cycle of the Mosqudo 

u§,t C! S*^pk>n ro j^*f”“ l 5 ^i 71 

S5SSCS«3f3E-i" 

(See also Sunlight) 

Lignin, isolation of, 236-231 
'uses of, 231 
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Lim« water, 49, 101, 110-111, 125-129 
229, 262, 263, 412 

Liming, conecting sod acidity fcv, 134 
Liquid air, 265 

Liquid carbon dioxide exLngubhrrs, 
225-226 

Liquid spray air elcirers, 277 
Liquid state of matter, 215 
Luf of Publications on Farm Fhh Ponds, 
153 

Lithium as future energv source, 386 
Litmus piper, 12S, 129, 131—134, 175, 
230 231 235 
Lisrlv. Charles, 6 
Liting Chemistry, 166, 177 
Lot, George O. G , 364 
Los Angeles, smog in, 273-276 
Lugol’s solution, 412 
Luster, metallic, 307 
of minerals, 290 


Madame Curie, 404 

Magnesium, extraction from sea water, 
91-95 

sources of, 91 
uses of, 93-94 
Magnesium fires, 223-224 
Magnetic prospecting, 287 
Magnetism, generator and, 34J 
motors and. 341-342 
Make the Sod Productne, 164 
Making Land Produce Useful Wildlife, 

Malic acid, analysis of, 171-172 
Malleability of metals, 307 
Man (see Human beings) 

Man and the Liu ng WorW 78-79 
Mans Nature and Natures Man, 80 
Mans Problem (Elm), 116 
Mantis, praying, 69 
Marine aquarium. 63-0-* 

Marshes, 79 

MatlS discontinuous nature of. 213 
law of conservation of, -i- 2 

principles governing changes , 

ft-**- I-- 

168 , f RS 

Medaka, study of, - ? oaq 

Melting points of me tab, 307-3(» 

»SSj5i-S?S5£ — 

aluminum, 311-31.- 
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Metals, alloys of, 314-316 
aluminum, 311-312 
characteristics of, 307—308 
burning of, changes produced bv, 216 
decomposing product formed by, 
216-217 

in oxygen, 217-218 
corrosion of ( see Corrosion) 
extracting, by electrolysis, 306-307 
by reduction, 305-306 
by roasting and reduction, 306 
identifying, bead tests, 293 
blowpipe tests, 290, 292-293 
flame tests (see Flame test) 
by treating with acids, 292 
tube tests, 294 
iron and steel, 308-311 
newer, and devices, 312-313 
preliminary ore treatment, 305 
purification after ertraction, 307 
semiconducting. 313 
superconducting, 313 
Metamorphic rocks, 282 
Metamorphosis, study of, 59-60 
Methyl orange solution, 128 
Methylene blue, 100, 412 
Microaquarium, 84-85 
MicTonutricnts, 161 

Microscopic life, studies of, protozoa, 87- 
88 

tfiallophytcs, 80-87 
Mimicry, 71 

Minerals, characteristics of, 289-291 
conservation of. 281, 302 
formation of, from molten materials, 
282 

from plant and animal life, 284 
from solutions, 282-284 
from vapors, 282 
location of, 285-287 
metallic (jcc Metals) 
mining, 304-303 
nonmetallic, 296-297, 319-324 
processing. 306-304 

extraction of metals, 305-307 
preliminary treatments, 303 
purification in, 307 
prospecting for (*re Prospecting) 
in sea (see Sea resources) 
in soil, 135-136 
specific gravity of, 290-292 
starting study of. 2S1-282 
substitutes for. 326-329 
in U.S., consumption of, 286 
u«-d in construction. 301-302. 324- 
326 

in wood. 232 


Minerals Yearbook, 215, 286, 331 
Mining, for ores, 96, 304-305 
for petroleum, 351 
sea (see Sea resources) 

Miracle of Life (film), 68 
Miscible liquids, 99 
“Mission 66," 202 
Mitosis, 67 

Modem Coal Mining (film), 346 
Mohs’ scale of hardness, 289 
Molds, growing in classroom, 43 
nature of, 43 
on seeds, 47 
spores of, 56 

Molecular Theory of Matter (film), 215 
Molecules, motion of, showing, 213-214 
Morgan, Ann, 75 
Mortar, 324 
Moss, culturing, 190 
where found, 185-186 
Motors, electric, principle of, 341-342 
toy, making, 342 
Mu meson, 386 

Multiflora Rose for Liclng Fences and 
Wildlife Cover , 151 
Multiple Purpose Food, 168 
Museums, classroom, 194-195 
field trips to, 195 
special programs of, 399 
Mushrooms, making spore prints of, 56 
as saprophytes, 189-190 

National Academy of Sciences, 253 
National Association of Biology Teachers, 
397 

National Audubon Society, 193 
National forests, 201, 208 
National Garden Institute, 151 
National Merit Scholarships, 403 
National Municipal Review, 273 
National parks, 201-202 
National Parks Association, 400 
National Science Fair, 399 
National Science Foundation, 390 
National Science Teachers Association, 
85, 397, 401 

National Study of High School Students 
and Their Plans, A, 402 
Notice Land, 139 
Natural gas, 297, 353-356 
location of, 300 
making in laboratory, 350 
Natural resources (see Resources) 
Nature trails, school, 190-191 
Nature's Plan (film), 116 
Nredliam, James G., and Paul R., 75 
Nebwanger. William A . 251 
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Neutral soil, 128 

Neutrality, ackl-base, experiments with, 
129-131 

New Hampshire, resource- tea eh ins plan 
Of, 10-14 

New Laboratory Experiments in Practi- 
cal Physics, 215 

New and to-l)e-dcv eloped resources, 7- 
8, 312, 391. 402 

New York City, fluoridation question >n, 

115 

water waste in, 116 
iVcic Yorker, The, 311 
Nitrates, effect on plants, 161 
in soil, testing for, 136-137 
Nitrite in soil, testing for. 137 
Nitrogen, in air, 159, 259-261 
dissolved in water, 9S 
in fertilizers, 163, 161 
fixation of, 159, 261 
as plant nutrient, 159-161, 167 
separating from air, 265 
in soil, testing for, 136-137 
Nitrogen cycle, 159 
of sea, 90 

tracing course of. 264 
Nitrogen dioxide, tests for. 
Nitrogen-fixing bacteria. -61 
effect on plant growth, 101 
soil and, 159-101 
Nolan, Thomas, 302 
Nonrenewable resources, 7, -oi 
Noursc, Edwin G., 7 
Nutriculture, 1C6 . . » 

Nutrients, plant {sec Plant nutrients) 

Oceanographic laboratories, 89 
Oil fires, 223 
Oil shale, 297, 352 
Oils, vegetable, 179 
in w'ood, 231 
Ores, aluminum, 311 
iron, 308-309 
mining, 304— 30o 
processing, 365-307 
where found, 285-287 
(See also Minerals) 107 

Organic matter, detecting in wares, 

Oiir Cr oiling Wood Supply, %> s 
Our Land <md lU 
Overcrowding, in 

of human beings, 70-7 x 
in pray mg mantes, 69 
of seedlings, 68-69 . 

Overproduction, in fish, 
in plants, 68 
Oxidant, test for, 27- 


Oxides, basic, 133-13 i 
“Oxvcat" in cleaning a’r, 278 
Oxygen, in air. 2564J61, 263 
as bv-product of food nuking, 22-23, 
263 

copper burned in, results cf, 217-218 
dissolved in water. 98-99 
in sea water, 90 
separating from air, 260, 26a 
used by germinating seeds, 47-48 
and waste dumped in water, 108-109 
in water, 77, 255-236 
Ozone, detecting, 277 
producing, 276-277 

Painting, as corrosion protection, 317 
increasing life of wood by, -05-200 
Panning in prospecting, 287 
Paper chromatography, applications ot, 

in otneand malic acid analysis, 170- 

recommended f « r I ffi 

Paper making, project in, 23^-n 
Parotnccia, 87, 88 
Parasites, of farm animals, 15o 
of fish, 82 

h J r “fnd 6 clo,rf lood chain, in. 77-78 
plant. 44 

Particle ^size test, soil, 125 

SSfTiSU— 

'leas Timber Resources, -08 

Percolation, sod, 126- - 

termites as, 19' 

S&=5*2- 

location of, 297, 
mining, 351 

prospecting for, ^ 

132 

2bfe' 132-133 
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pH values, of soil, testing for, 1-31—132 
of solution for hydroponics, 167 
Phenol-formaldehyde plastics, 327 
Fhenolphthalein solution, 32, 128, 130, 
413 

Phosphate, rock, 163 
in sod, testing for, 137 
Phosphorus, as essential plant nutrient, 
161-162, 167 
in fertilizer, 163, 164 
oxidation of, 260 
in soil, 137 
sources of, 162 

spontaneous combustion of, 219-220 
Photoperiodism, plant structure and, 42 
Photosynthesis (him), 21 
Photosynthesis, 19-27 

carbon dioxide in, how obtained, 26- 
27 

lack of, 23-26 
testing for, 25 
chemistry of, 19-22 
chlorophyll in, 23-24 

and arrangement of cells, 24 
cells and chloroplasts. 24 
and dependent plants, 43-45 
distinguished from respiration, 35, 36 

E uard cells in, 26-27 
ght and, 24-25 
other poducts of, 21-22 
oxygen as bv-poduct of, 22-23 
solar research on, 366 
starch as evidence of, 20-21 
stomates in, 26 
sulfur bacteria and, 22 
water and, 27-34 
Phototropism, and leaves, 39, 57 
and seedlings, 39—10 
Physical Science Study Committee, 396 
Physiological or isotonic salt solutions, 
413 

Pigeon embryos, studies with, 62-63 
Pine trees, counting whorls on, 183 
oils extracted from, 234 
Pistils, 52 

Plankton, study of, 76-77 
riant Crouch (Elm), 51 
Plant growth, chemical stimulation of 
53-59 

effect of leaves on, 37 
effect of smog on, 277 
fertilizers and (tee Fertilizers) 
germination of seeds. 47-50 
ixjTTOoncs and, 57-58 
nitrogen-Ermg bactena and, 161 
seedlings, 50-51 
sodlevs, 164-167 


Plant growth, variations in, 64 
Plant Microtechnique, 52 
Plant nutrients, diffusion of, 32—34 
“dissolved” bv acids, 32 
fertilizers ana (see Fertilizers) 
hydroponics solution, 166-167, 413 
method of obtaining, 31-34 
nitrogen, 159-161 
phosphorus, 161—162 
potassium, 163— 163 
secondary and minor plant foods, 164 
in solution, 31-32 
trace elements, 164-165 
( See also Photosynthesis) 

Plant responses, 39-42 
chemotropic, 42 
geo tropic, 40 
nydrotropic, 39, 41—42 
importance of knowing, 39 
nature of tiopisms, 39 
photoperiodism and, 42 
phototropic, leaves, 39 
seedlings, 39—40 
thigmotropic, 39, 42 
Plant Traps (film), 78 
Planting schedule, 150, 151 
Plants, able to grow’ on bare rock, 123 
adaptations of, 71-72 
aquarium, 81 

carbon dioxide obtained by, 26-27 
cells of (see Cells) 
chlorophyll in, 23-24 
classifying, 66 

common ancestry among, 67-68 
dependent (see Dependent plants) 
effect of air pollution on, 267—268 
effect of nitrates on, 161 
effect of salts on, 34 
fibrov ascular bundles in, 28-29 
forest, 185, 187. 189-190 
hormones in, 57—58 
msectiv orous, in swamps, 78-79 
in living communities, 46 
minerals formed from, 284 
names of, 1ST 

overproduction in, 68 
pH values and, 132-133 
photoperiodism in, 42 
photosynthesis in (see Photosynthesis) 
phototropism in, 39-40 
pioneer, 123 

potassium compounds in, 162-163 
propagation, dependent plants. 56-57 
green plants, artificial pollination, 
53-54 

Bower as reproductive organ, 51- 
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Plants, propagation, green plants, germi- 
nation of pollen grams, 52-53 
vegetative, 54-56 
in school garden, 149 
prospecting with, 289 
and radioactivity in water, 3S0-381 
respiration in, carbon dioxide produc- 
tion, 35-33 

distinguished from photos) nthesfc, 
35, 36 

as oxidation, 34-35 
saprophytic, 189-190 
sea, 90 

as soil makers, 123 
soilless growth of, 165-167 
transpiration in, 36-38 
water for, absorption by seeds, 2S 
amount needed, 28 
capillary action and, 27-28 
eflect of salts in, 34 
physical phenomena. 27—8 
and power of plant to lift, 29-30 
rise of, in ducts, 28-31 
root pressure and, 30-31 
Plastics, 207, 235 
making, in laboratory, 3-7 
ns substitution products, 3-8 
testing, 327-329 

tvpes of, 327 . , 

Pol'iey {or Scientific and Professional 
Manpower, A, 402 
Follcij for Skilled Manpower, A, *» 
PoUen, 52, 54 

Pollen Crains, 52 , 

Pollen grains, germinating, 3 
Pollination, artificial, 53-54 » 

Pollution, air (sec Air pollution; 

water, 105-109 , . 

Ponds (see Calcs and ponds 1 , 

Population, fish hafchwy, 

human, growth of, «d " al " F °'' 
lution, 106 

problems of, 70-71 163- 

Potassium, compounds m P 

detecting with cobalt gla«. 293 
in fertilizer. 163, 164 
nature and sources of. ao- 
in soil, testing for, 49 50 

Potassium h^rorjde ^ jfJ-fH 

Potassium pyrogaliate som 
Potatoes, starch 
Power, concept of. 
cost of, 3S6 
future, 386, 3S8 
(See also Energ >•) 


Pau.e ring America’s Progress: A Modern 
St anj of Bituminous Coal (film), 
346 

Praying mantes, overcrowding in, 69 
Precipitation (see Rainfall) 

Presen ativrs, food, 163 
wood, 206-207 
Pressure, air, 248-250 


Pressure, air, 

water ( see Water pressure) 
Priestley, Joseph, 218 
r> r,r nl.inu (see Plan 


Priestley, Joseph, ^it> 

Propagation of plants (see Plants) 
Prospecting, in class, 2S7-259 
future method of, 2S9 
geochemical, 287-289 
methods of, 2S7 
petroleum, 350 
with plants. 269 
Prospecting for Petroleum, 29 1 
Protective coloration. 71 
Protein, elements of, 22 
Protozoa, culturing, S7-88 
fission in, 88 
Psychmmeters, 245-246 

of chemicals by crystallization, 3-6- 
324 

of extracted metals, 307 
water. 109-112 
aeration and, 110 
chemical. 11)9 
chlorination, HO 

i&-no 

STiinovId of hardness, JlO-lli 


Unhang rangy. 8"*'*°““ «***• 361 

■nrttad , :“S' 3 “S 1 

selective absorption of, 361 

jndant hraling K7 381-3S5 

Radioactive wants, t 180-381 

ItolKUdOniy demonstrations, 3S0p» 

Raindrops. ! > te 

«„Ung force nf -d- ,03 :40 

Rainfall, amount of. in UJ>., 
STbWc » ramnnlty. 60 

'Sophy n»i M 

man-made, 25- W , 04 ~ 
meaning of “one inch of, -4- 
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Rainfall, measuring, 241 
rock weathering and, 122 
snow and, 241,' 245-214 
variations in, by regions, 210 
Rainfall gauge, 241 

Rainmaking: A Study of Experiments, 

Rare gases, 201 
separating from air, 265 
Reactions in Plants and Animals (him), 
39 

Reactors (see Atomic reactors) 

Reduction in metals extraction, 305-306 
Relative humidity, determined from dess- 
point, 245 

by instrument, 245-246 
Renewable resources, 7, 251 
Reproduction, in fish, 62 
in plants, 51—57 

( Sec also Plants, propagation) 
Resorcinol formaldehjde plastics, 327 
Resource-use teaching (sec Conservation 
teaching) 

Resources, development of ness-, 312 
fabrics and, 173 
mineral (see Minerals) 
obtained from sea (sec Sea resources) 
types of, 7-8 
water (tee Water supply) 

(See also Air; Energy; Forests; Fuels; 
Soil, Sunlight; Wildlife) 

Resources for Freedom, 7, 215, 286, 355 
Respiration, plant, 34-30 
Rhizomes, vegetative propagation of, 55 
Ringelmann chart, 270 
Ringer's solution, 414 
fiicer, The (film), 200 
Road builders’ soil test, 120, 125 
Roasting in metals extraction, 306 
Rack- phosphate, 302 
Rocks, bare, plant growth on, 123 
construction uses, 301-302 
in sod formation, 121, 123, 291-292 
types of, 282 
weathering, 121—122 
Rocks and Minerals, 282 
Rogers, I~ 265 
Root hairs, study of, 31 
Root pressure, effect on rise of water, 30- 
31 

Roots, binding power of, 138-139 
Besby, vegetative propagation of, 55 
geotropism and, 40 
growth of, effect of leas es on, 57 
hormones promoting, 57-58 
hydrotropism and, 41-42 
production of carbon dioxide by, 36 


Roots, thigmotropism and, 42 
Runners, plant, vegetathe propagation 
of, 55 

Rusting ( ice Corrosion) 

Rutherford, Lord, 370 

Safety lamps, coal mining, 346-317 
St. Louis, solution of smog problem by, 

. 273 

5aJr, common, importance and sources of, 

290-297 

method of crystallizing from brine, 92 
from sea, 92-93 

Salt concentration, effect on plants, 34 
Sand, as construction material, 301 
percolation and capillarity in, 127 
testing for percentage in soil, 125 
Saprophytic plants, Indian pipe, IS9 
mushrooms as, 189-190 
Satellites, use in weather research, 254- 
255 

Schaefer, Vincent, 250, 370 
Schenbcrg, Samuel, 29 
Schiller, Ronald, 273 
Scholarships for science students, 403 
School camping programs, 399-400 
School farms, 149 
School gardens, 149-151 
School nature trails, 190-191 
School woodlat, 200 
Science camps, 400 
Science careers, literature on, 401 
Science clubs, 398-399 
Science Clubs of America, 403 
Science education, emerging curricular 
patterns in, 392-393 
experimental plan in, 394— 39S 
need for experiments in, 396 
techniques for, 397-401 
Science fairs, 399 
Science in Forming, 58, 145 
Science jobs, 400-401 
Science magazine, 106 
Science Xetcs Letter, 118 
Science Teacher, The, 85, 401 
SciencC] teacher, professional groups for, 

summer opportunities lor, 401—402 
Science training programs, 401 
Scientific American, 87, 159, 289, 324, 
359, 365, 376 

Scientific Careers: Vocational Detclop- 
merit Theory, 391 

Scientific teamwork, example of, 89-90 
Scientists, future, conservation program 
for, 402-4105 
encouraging, 396-401 
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Scientists, future, encouraging g»h as, 
403-404 

finding, 391-390 
Sea, 88-97 

as carbon dioxide regulator, 263 
crystals from, 284 
cycle of life in, 90 
exploration of, 69 
food from, 90-91 
mining of, 91-97 
oil on, as menace to birds <9 
prospecting for fisli in» 91 
Sea anemones, 79, 83 
Sea resources, 91-97 
bromine, 9S— 9G 

carried from land by rivers, 9- 

cotloids, 90 

future, 96-97 

magnesium, 93-95 

mined by living creatures, 96 

salt, 92-93 , , 17 

Sea water, desalting, by distillation, lit 
for marine aquarium, 83 
solids dissolved in, 91-9- 
specific gravity of, 92 
Seasons, effect on trees, liH _ 

water pollution variation with. «« 

10S , , r( 

Secondary plant foods, 1M 
Sedimentary rocks, 2S- 
Sedimentation, problem of, 
water purification ty. I0J 
Seed Dispersal (film). 5 *\ . j 51 

phototropism and, *> , 28 

Seeds, absorption of water y, 

disinfection of, 155 
germination of, 47-5U 
hybrid, 54 
mold on, 47 

jffstssrsi*- 

51 , r Cl 

Segregation, law 0 , 2 S7 

Seismograpbic ptopocUng. 
Semiconductors, 3« 

Sensitivity of ™ by , 106. 108 

Sewage, P oI ’"f °"j 2_114 10& 

112 . 189 

Sheet erosion, 


Shrub Planting for Soil Conservation and 
Wildlife Cover* 151 
Silt, testing for percentage in soil, I -a 
Simpson, Robert H , 251 
Sinnott, Edmund W, 78 . 

Sloping land, contour plowing on, HU- 
142 


142 

effect on erosion, 139, 140 
measuring, 139-140 
Smith, Gilbert M., 80 
Smog, aerosols and, -77 

effect on plant growth. 277 
in Los Angeles, 273-276 
nature of. 272-273 
ozone in, 276-277 
St. Louis and, 273 
Smoke, effect on stone. 30- 

density, measuring, -iu 

4 * 2 devei « « aq, “ 

inSen>aqu»«»” exf-rimenW. M. 85 

SW.MI.HM" 

SMpn.aUjg.in 

" <u "* 

(eating fabnc with, H3 
Soeo. Tower B., 066 

A IS®-™ „ 
drainage „ 

forest as protector of, 183 
formation of, P^ nts ^ *15. 291-292 
from rocks. 
rotting ^ 

. p ;£: S-»» , 

le ffi «fa> P Sod eon.em.tion) 

filiation of. I® ^ ]28 

3?. 

alkalinity. 1-S. “ 13 - 

sas-gS*, 

pH values. 
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Soil conservation, and binding power of 
roots, 138-139 

contour plowing for, 140-142 
curriculum outline, New Hampshire 
Department of Education, 10-14 
erosion and (see Erosion) 
hybrid corn and, 54 
project in, 145 
vegetative cover anti, 138 
Soil Conservation Service, 74, 147, 152, 
154, 240, 243 
Soil humus, 123 
Soil profile, 120 

Soil tests, chemical, for calcium, 137 
for common anions, 137-138 
making soil extract for, 136 
for nitrogen, 136-137 
for phosphorus, 137 
for potassium, 137 
commercial kits for, 136 
compactness, 120 
crumble, 125 
“feel,” 125 

particle size (road builders*), 120, 125 
percentage of sand, silt, and clay, 125 
percolation and capillarity, 126-127 
pH, 131-132 

Soilless culture, 47, 163-167, 413 
Soilless Growth of Plants, 160 
Soils and Men, 43, 56, 124 
Solar energy, 331, 332 
application and research, 366 
in cooling, 364 
devices using, 364-366 
future use of, 366-3G7 
heating by, 362-364 

using hydration heat, 303-364 
using solidification heat, 363 
radiant, 360-362 

as source of all earth’s energy, 331-332 
special problems in, 363-366 
storing, 362-363 
Solder, making, 315 
Solidification, heat of, 363 
Solids, dissolved and suspended in water 
99 

in sea water, 91-92 
Solubility tests, fiber, 173-174 
Sour soil { see Add soil ) 

Sourcebook /or the Biological Sciences A 
38, 87. 397, 409 ’ ’ 

Soxhlet extraction tube, 234 
Special courses and schools for Rifted 
students, 392-393 
Species, variations with, 65 
Specific gravity, calculating, 228-229 
formulas for, 291 


INDEX 

Specific gravity, of liquid fuels, 353 
of marine aquarium water, 83 
of minerals, determining, 290-291 
table of, 292 
of sea water, 92 
of wood, 228-229 
Specific heat of water, 256-257 
Spectra of certain metals, 295 
Spectroscope, 137, 295 
Spermatopnytcs, pollen grains of, germi- 
nation, 52 
Spirogijra, 86-87 

Spontaneous combustion, demonstration 
of, 219-220 
example of, 220 
Spores, formation of, 56 
prints of, making, 56 
Stamens, 52 
Stanford, Ernest E., 79 
STAR, Ideas in Science Teaching, 397 
Starch, converting to dextrin, 179 
as evidence of food making, 20-21 
grains of, viewing, 21 
from potatoes, 178-179 
Steam, experiments with, 236 
produced by solar energy, 364 
Steam power, 340 
Steam turbine, model, 340-341 
Steel, 308-311 

Steel mill, field trip to, 309-311 
Stem cuttings, vegetative propagation of. 

Stems, geotropism and, 40 
Sterilization of seed surfaces, 47 
Stomates, in food making, 26 
locating, 26 

Stones, building, 301-302 
(Sec also Rocks) 

Story of the Hoover Dam, The, 337 
Story of Human Reproduction (film), 
88 

Story of Lumber and Allied Products, 
The, 204-205 

Story of Pulp and Paper, The, 204 
Stotler, Don, 375 
Strand Grows, The (film), 74 
Streak of mineral, 290 
Streams, effects of sun and shade on, 77 
life in, 77 

study of parasitic relationship in, 77- 
78 

Streptomycin and growth of seedlings. 

Strip cropping, demonstration of, 142 
Study of Conservation Activities in Out- 
door Education Programs in Cali- 
fornia, 400 



Substitute materials, asbestos, 326 
horazon, 329 
plastics, 327-329 
for wood, 207, 23 5 
Sudbury Soil Testing Laboratory, 136 
Sugar, distilling ethyl alcoliol from, 

extracted from wood, 234-235 
in leaves, autumn coloring ami. 185 
Suggestions for Integrating Forestry in 
the Modem Curriculum, 181 
Sulfate, testing for, 137, 271 
Sulfur (film), 320 

Sulfur, in demonstrating igneous rock 
formation, 282 

importance and sources of, 296 
increasing soil acidity with, 134 
melting point of, 320 
mining by Frnsch process, 319-3-1 
Sulfur dioxide, test for, 270-271 
Sulfuric acid, contact process, 3-1 
lead-chamber process, 322 
making in laboratory, 322 
shipping, 322 
Sun (see Solar energy) 

Sun, the Sea, and Tomorrow, The, Jl 
S unfit, (film), 68 
Sunlight, effect on forest plants, loo 
food making and, 24-25, 71 „ 

length of, autumn coloring and. loo 
plant structure and, 42 
and life in streams, 77 
Superconductivity, 313 
Superphosphate, 162 
Supply houses, list of, 415-416 „ 

Survey of the Direct VtihMIcn el Wests 

S^pSkouJ. removal (SS). »e«age 
treatment, 113 
Sutton, R. M.t 240 
Swamps, formed from P° n j’’-- 
insectivorous plants in, 

Swaney, M. W., 166 ... 

Sweet soil (see Alkaline sod} 

legumes and nitrogen-fa'".-. 

Synthetic-fiber Table, 177 
Synthetic fibers, 173, 177 g 7 _£8 

Synthetic pond water, preparing, 

Tabor, Harry, 364 

Tadpoles, studying. 61 

Tannins, 231, 234 0 f, 77-78 

Tapeworms, base, uu j 

Taj lor, O. CM ton, -77 
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Teaching, conservation (sec Conserva- 
tion teaching) 

science (sec Science education) 
Teaching with Radioisotopes, 381 
Telkes, Maria, 363, 365 
Temperature, differences in tropical wa- 
ters, as energy source, 36S 
effect of, on biotic community, 80 
on rocks, 121-122 
for egg incubation, 62 
of fish habitats, 77 
of germinating seeds, 43-49 
kindling, as condition of burning. -1J 
vaporizing, of gasoline, 3o--35J 
of water, 256-258 
Termites, protecting wood from, 

Tenim. ™°78, 1S9, 190. 195, MS 
77,179.303 
Textile World, 177 
Thillophjla. «“* "Tf- 87 
Tiiermit process. 305-300 
Thigmotropism, defined, 39 
nature of, 42 
This Is Aluminum (him), 

This Lctul , 4 

This Vital Earth (film), 74 

Thorntliw aite, C Warren. 28 
Tides as possible energy source, 368 

Tiedjcns. Victor A., 151 w „. 

Timber conservation (sec F 
sen'ation ) 

for, 417-418 jno-414 

Tofffes ^” 6 ^ 114 

K.-^3yc&?— — 

w2« ■" a " J - 2 ® 
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Tree farming, 20S 

Tree Farming in the Pacife Northwest, 

203 

Tree tronlcs, core samples of, 182-183 
cross sections of, age determination 
and, IS2 
parts of, 183 
whorls on, counting, 183 

Trees, 200 

Trees: A Cuidc to Familiar American 
Trees, 182 

Trees, age of, determining, 182 
census of, 182 
in city, saving. 201 
diseases of, 195-107 
erosion and, 183 
fire damaged, 198 
and grazing cows, 183-189 
identifying, 182, 187 
leaves of, autumn coloring of, 184-185 
outlining for Identification, 181 
simple and compound, 186 
skeletons of, 181 

moss on, 185-186 
pioneer, 183 

scauma J changes and, 184 
Tropisms, 39—12 

(See alio Plant responses) 

Tul>e tests of minerals, 291 
Tubers, vegetative propagation of, 55 
Turbines, efficiency of, calculating, 339 
stram, model tj(, 310-311 
Turtle eggs, 62 
T\'T>-mela! corrosion, 316—317 


Ultraviolet detection foT minerals, 287 
United States Steel Corp , 30S-311 
Unknown mixtures. detecting elements 
in. 295-290 
Uranium 309, 3$ J 
cost of, 373 

separating for fission, by gaseous dif- 
fusion. 372—373 
In- means rtf a barrier, .372 
Urluna 1-aljoratoriet, 136 


Vadme water, 127 
Van de CraafI gm'ratiw, 270, 370 
bud lmg, 378—380, 388 
Vaporizing temperature of gavdine. 332- 


Vanatwm in Into- tlungv. environment 
in, f.3-7l 

(See ei*o I'm tronment ) 

In growth of plants, 61 
levrsbly in. 

L*ur.»n l«rings. ijual.utne, GO 


Variations in living things, human beings, 
quantitative, 65-66 
importance of, 63 
with species, 65 

Vegetable fibers, identifying, 175-176 
Vegetable oils, 179 

Vegetation and Watershed Management, 

Vegetative cover, importance of, 138- 
139 

Vegetative propagation, 54—55 
Vertebrate animals, studies of, 60-63 
Vitamin C, testing for, 168-169 
Volatility of gasoline, 352 
Volcox, 80 

Wang, a H-, 170, 172 
Warm air, chilling of, 238-239 
expansion of, 237—238 
Wafer, 127, 145 
Water, 98-119 

aquarium, 81-82, 85 
buoyant effect of, 227-228 
capillarity and, 27-28 
density of, 333-334 
dissolved gases in, 98-99 
dissolved and suspended solids in, 99 
drinking, fluorine in, 114-115 
effect on rocks, 301-302 
electrolyzing, 235 
energy from, demonstrating, 338 
future use, 340 

in producing electricity', 339-310 
ana steam power, 311-342 
water pressure and, 333-337 
water wheels and. 337-339 
evaporation of, 117, 236-240 
hard, 99-102 

formation of, in nature, 100-101 
remoi mg hardness from, 110-112 
temporary and permanent, 102 
testing for, 99-100 
heating, experiments with, 250 
as ice, 250. 258 

importance of, 88, 03, 102-105, 236 
levels of. pressure and, 335 
h'ing organisms in, 98 
in bvmg things, 102 
making from hydrogen and oxygen, 
235-230 

miscible and Immiscible liquids In. 99 
mbp*d!uttd. as menace to birds, 79 
oxygen content of, 77 
in plants, 27-34 

purification of { tee Purification} 
retamed and alrvirlx-d l<y soil. 126- 
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Water, sea (see Sea water) 
soft, 99, 110-112 
solution of solids in, 31-32 
specific heat of, 256-257 
states of, 215 
as steam, 256 

temperature of, and living things, 
257 

varying density of, 257-258 
waste of, 116 

Water cycle (sec Hydrologic cycle) 
Water erosion, 139-140, 188 
Wafer Facts, 103, 240 
Water habitats, 73-91 
beaches, 79 

in classroom (see Aquariums) 

field trips to, 74 

marshes and bogs, 79 

ponds or lakes, studies of, 74-77 

streams, 77—78 

swamps, 78—79 

ways to begin studies of, 73-74 
Water plants, testing for carbon dioxide, 
25 

Water pollution, 99, 105-109 
detecting, 107 

industrial waste, 106, 108-109 
population growth and, 100 
problem of, 106 
seasonal variations in. 107-108 
and sedimentation, 109 
sewage, 106, 108 

ways to begin study of. 6 

Water pressure, calculating, 33o-33G 
demonstrating, 33i-335 
and levels, 335 

weight and, 333-334 Center 

Water Research and Information 

Water-soluble extractives ^ 

Water supply, competing demands tor, 

consumption of, 10 ^' 1 .° n 5 - ong 

E s &&sr !L ~'' ~ 

industrial, 1 1® 

home, 115- 

research nr-nln' i"' lg- 113 
rainraU and. 105 


* Water wheels, model, 338-339 
modern, efficiency of, 339 
use of, 33S-339 
Watersheds, 201 
Watson, r G., 397 
Watson. I iarold F , 289 
Weather, air pollution and. 208 
air pressure and. 2 13-250 
change predictions of, 250-251 
changing. 252-253 
experiments in, 250 _ 

studying, new machines for, 233-3*4 
satellites for, 254-255 
theories on, 250-252 
Weather station, 250 
Weathering, rock, chemical. 12- 

by expansion and contraction, 1-1- 

' 122, 215 
by frost, 121 
wood. 205-200 
Weatherometcr, 206 
Weatheru ac, 250 
Weaver, Elbert C . 317 
Weaver, Richard L 397 
Weed killers, 156, 153-159 
Weeds, 158-159 

insect control of, lou 
2,4-D control of, 153 
Weisbnich. Fred T., 225 
Wentorf, Robert II., 3-9 
What We Get from Trees. 2M 
\Vh u Crow a Jungle In Jersey -a 
Wildlife, birds (we Birds) 
census of, 192 
In city, 153 

in classroom. ISH 
on farm, cover for. 

and farm pond, 15--153 
need for cover, 192 
regulation of, I9o 
school sanctuary for. 153 

Wilkensou, Albert E.. lot 
Wilson, C. T. R-, 375 

Wilson, Kathcnne, i» 

Wimshurst static machine, 

Wind, air currents and. 

as energy source , 368 
Wind erosion, 14--14J 

wKTtoi. isi. 153 . 

Wodehouse, R. ,ni 

Women of Modern Seiencc. ^ a30 _ S32 

Wood, constituents of. ctilulosc, 

lignin, 230--31 



470 


INDEX 


Wood, constituents of, minerals, 232 
decaying, collecting and examining, 
186 

humus formation and, 123 
destructive distillation of, 229-230 
extractives from, 234-233 
future supply of, 207-208 
increasing life of, by flameproofing, 205 
by painting, 205-206 
use of preservatives, 206-207 
paper made from, 232-234 
physical properties of, cellular struc- 
ture, 225-227 
density, 227 
flotation, 227-228 


Wood, physical properties of, specific 
gravity, 228-229 
substitutes for, 207, 235 
termites and, 197, 207 
treating with pesticide, 207 
Wood products, 204-203 
Wood's metal, 315-316 
Work, concept of, 333 
Workshop for Weathermen, 230 

Yeast cells, budding In, 57 

Yost, Edna, 404 

You and Science, 254 

Your Enemy: Grasshopper (film), 60 

Zim, H. S., 182 



